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A REVISION  OF  THE  GENERA  NANULARIA  CASEY  AND  AMPHEREMUS  FALL 
(COLEOPTERA,  BUPRESTIDAE,  CHALCOPHORINAE)' 

C.  L.  Bellamy^  3,4 


ABSTRACT.  A taxonomic  revision  of  the  chalcophorine  beetle  gen- 
era Namdaria  and  Ampheremiis  is  presented  along  with  information 
on  species  distribution  and  biology.  Seven  species  are  recognized  in 
Namdaria,  with  two  described  as  new:  TV.  alpina,  from  the  San  Ga- 
briel Mts.,  Los  Angeles  Co.,  California  and  N.  monoensis,  from 
Mono  Co.,  California.  Ampheremus  is  monotypic  and  resurrected 
from  a subgeneric  rank  under  Namdaria.  Descriptions,  illustrations, 
keys,  and  character  diagnoses  are  included  to  facilitate  identification 
of  the  species  of  both  genera.  Lectotypes  are  designated  for  TV.  cal- 
ifornica  (Horn)  and  TV.  cupreofusca  Casey. 

INTRODUCTION 

The  genera  Namdaria  Casey  and  Ampheremus  Fall  are  two 
of  five  North  American  genera  currently  included  in  the  tribe 
Chalcophorini  (Nelson,  1981).  Both  genera  are  strictly  Nearc- 
tic  in  their  distribution  and  restricted  to  the  western  conti- 
nental United  States  and  adjacent  Baja  California  Norte, 
Mexico.  This  study  was  undertaken  to  bring  together  all  of 
the  information  known  about  the  species  of  these  two  genera, 
because  two  species  have  been  described  and  two  others 
transferred  into  or  out  of  Namdaria  since  the  only  short 
review  and  key  (Van  Dyke,  1942). 

METHODS  AND  MATERIALS 

This  study  is  the  result  of  five  years  of  field  collecting  and 
the  examination  of  more  than  1 500  pinned  specimens,  thought 
to  be  the  majority  known.  In  addition  to  the  material  I have 
collected,  a large  amount  of  material  was  borrowed  from  a 
number  of  private  and  institutional  collections.  The  names 
of  the  individuals  that  loaned  specimens  are  listed  in  the 
acknowledgments  along  with  the  institutional  acronyms  used 
in  the  text.  My  name  is  abbreviated  in  the  text  as  CLB.  The 
collection  acronyms  are  based  upon  the  system  of  Arnett  et 
al.  (1986),  with  most  having  been  designated  in  that  work; 
those  not  listed  there  are  as  follows: 

ACAS:  A.  Cobos  collection,  Almeria,  Spain. 

AJGC:  A.J.  Gilbert  collection,  Fresno,  California. 

GAWC:  G.A.  Williams  collection,  Lansdowne,  N.S.W.,  Aus- 
tralia. 

MTCJ:  M.  Toyama  collection,  Nishinomiya,  Japan. 
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RHHC:  R.H.  Hasegawa  collection.  Long  Beach,  California. 
RKVC:  R.K.  Velten  collection.  Riverside,  California. 

The  synonymies  listed  for  the  previously  described  taxa 
are  virtually  complete  with  the  possible  omission  of  odd 
catalogue  listings  or  locality  records.  Holotypes  or  syntypes 
of  all  described  species  were  examined.  A short  diagnosis 
plus  an  abbreviated  redescription  is  given  for  previously  de- 
scribed taxa  with  the  two  new  species  more  fully  described. 
Lectotypes  are  designated  herein  for  TV.  californica  (Horn) 
and  TV.  cupreofusca  Casey.  For  lectotype  designation,  the  label 
data  are  given  exactly  as  printed.  A slash  mark  (/)  separates 
data  from  individual  labels  and  my  notations  are  in  paren- 
theses with  the  abbreviations  (h)  = handwritten  and  (p)  = 
printed.  All  other  label  data  are  presented  exactly  as  on  the 
labels.  For  brevity,  I have  omitted  the  collector(s)  name  in 
Material  Examined,  except  for  under  new  species. 

The  nomenclature  used  in  discussing  the  host  plant  genus 
Eriogonum  follows  the  work  of  Reveal,  presented  in  Munz 
(1968). 

TAXONOMIC  HISTORY 

Casey  (1909)  erected  the  genus  Namdaria  for  a new  species, 
TV.  cupreofusca  from  Poway,  San  Diego  Co.,  California.  He 
also  provisionally  included  Gyascutus  californicus  Horn  on 
the  basis  of  its  description  (Horn,  1875),  as  he  apparently 
had  not  seen  the  type. 

Ampheremus  cylindricollis  Fall  (1917)  was  described  from 
a unique  specimen  of  unknown  sex,  collected  at  Palm  Springs, 
Riverside  Co.,  California.  At  the  time  of  the  description.  Fall 
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compared  Ampheremiis  to  the  recently  described  Nanularia 
and  commented  on  their  similarities.  Both  genera  have 
undergone  a number  of  taxonomic  shifts  throughout  the  lit- 
erature. 

Leng  (1920)  considered  both  Nanularia  and  Ampheremus 
to  be  valid,  but  catalogued  them  in  the  Buprestinae.  Cham- 
berlin (1926)  considered  Nanularia  to  be  congeneric  with 
Hippomelas  Laporte  and  Gory,  but  retained  Ampheremus  as 
a valid  genus.  Obenberger  (1926)  catalogued  Nanularia  as  a 
subgenus  of  Gyascutus,  which  is  currently  placed  as  a sub- 
genus of  Hippomelas,  and  placed  it  in  the  Chalcophorini. 
Subsequently,  Obenberger  ( 1930)  placed  Ampheremus  in  the 
tribe  Buprestini. 

Van  Dyke  (1942)  placed  Nanularia  as  a subgenus  of  Hip- 
pomelas and  stated  that  the  dominant  characters  of  the  genus 
were  entirely  in  agreement  with  those  of  the  Chalcophorini. 
He  described  two  new  species,  Hippomelas  (Nanularia)  gran- 
ulatus  from  Baja  California  and  H.  (TV.)  inyoensis  from  Ow- 
ens Valley,  Inyo  Co.,  California.  Blackwelder  ( 1 944)  retained 
Nanularia  as  a subgenus  of  Hippomelas  but  did  not  consider 
Ampheremus,  since  it  did  not  occur  within  the  geographical 
boundaries  of  his  catalogue. 

Nelson  and  Barr  (1960)  synonymized  Ampheremus  under 
Nanularia,  which  they  considered  to  be  a subgenus  of  Hip- 
pomelas. They  also  synonymized  H.  (TV.)  inyoensis  under  H. 
(TV.)  cylindricollis  and  transferred  H.  brunneata  Knull  (1947) 
to  Nanularia. 

Barr  (1970)  reviewed  the  subgenera  of  Hippomelas,  ele- 
vated Nanularia  from  the  subgeneric  rank  and  resurrected 
Ampheremus  from  synonymy  to  a subgenus  of  Nanularia. 
At  the  same  time,  he  transferred  H.  (TV.)  granulatus  to  the 
subgenus  Gyascutus.  Knull  (1971)  described  TV.  obrienorum 
from  four  specimens  collected  at  McKittrick,  Kern  Co.,  Cal- 
ifornia. Nelson  (1980)  transferred  H.  pygmaea  Knull  (1941) 
to  Nanularia  based  upon  the  generic  criteria  used  by  Barr 
(1970). 

DISCUSSION 

Even  though  the  distributional  data  are  incomplete,  in  most 
cases  the  species  I have  recognized  in  Nanularia  are  allopatric 
in  the  broadest  sense  of  the  term  (Erwin,  1981).  The  general 
external  morphology,  host  plant  relationships,  and  geograph- 
ical distribution  were  conjointly  used  to  define  each  species. 
Due  to  a high  degree  of  intraspecific  variability,  single  char- 
acter differences  were  not  found  and  the  species  are  defined 
using  a combination  thereof 

Nanularia  californica  and  TV.  obrienorum  are  thus  defined 
as  aggregates  of  allopatric  populations,  not  just  geographi- 
cally, but  ecologically  isolated,  with  each  population  using  a 
different  species  or  variety  of  Eriogonum  as  its  host.  In  the 
case  of  TV.  obrienorum.  different  varieties  of  Eriogonum  spp. 
have  yielded  different  phenotypes  which  are  reflected  exter- 
nally in  the  ground  coloration,  punctation,  and  range  of  size. 
There  appears  to  be  an  inverse  relationship  between  the  dis- 
tance of  geographical  separation  and  the  degree  of  phenotypic 
difference  within  these  two  species.  Nanularia  californica 
shows  little  phenotypic  difference  between  the  widely  sepa- 


rated populations,  while  TV.  obrienorum  has  the  populations 
more  elosely  distributed  and  with  greater  phenotypic  differ- 
ence. This  suggests  that  TV.  californica  is  an  older  and  there- 
fore more  stable  species,  while  TV.  obrienorum  is  probably 
younger  and  more  tolerant  of  potential  feeding  and  mating 
site  selection,  which  are  thought  to  be  “closely  linked  and 
genetically  controlled”  (Bush,  1975).  The  higher  range  of 
phenotypic  expression  and  the  apparent  relationship  to  host 
plant  switching  is  suggestive  of  a vicariant  event  as  discussed 
by  Erwin  (1981).  Host  race  formation  has  been  discussed  in 
Rhagoletis  (Diptera:  Tephritidae)  (Bush,  1969),  more  gen- 
erally for  phytophagous  insects  (Bush,  1975)  and  has  also 
been  suggested  for  two  buprestids,  Agrilus  viridis  (L.)  (Al- 
exeev, 1 969)  and  Anthaxia  (Agrilaxia)  Elavimana  Gory  (Bily, 
1984). 

The  distribution  of  Ampheremus  overlaps  that  of  two 
species  of  Nanularia,  TV.  monoensis,  new  species,  in  the  north- 
ern part  of  the  range  and  TV.  brunneata  in  the  south.  However, 
I know  of  no  record  that  suggests  that  these  species  have  been 
collected  together,  although  TV.  brunneata  uses  the  same  host 
species.  As  noted  in  the  taxonomic  history,  various  authors 
have  questioned  the  characters  used  to  justify  the  generic 
ranking  of  Ampheremus.  The  characters  that  have  been  used 
in  the  past  to  separate  Ampheremus  from  Nanularia  are  the 
structure  of  the  maxillary  palpi,  the  absence,  or  nearly  so,  of 
the  lateral  carinae  of  the  pronotum,  and  the  cleft  between 
the  meso-  and  metasternum.  These  characters  in  combina- 
tion with  those  outlined  by  Barr  (1970)  and  those  that  are 
employed  herein  are  believed  to  more  than  justify  the  res- 
urrection of  Ampheremus  to  full  generic  rank.  The  eharacters 
judged  to  be  most  important  generically  are  the  structure  and 
relative  length  of  the  antennae,  of  both  the  male  and  female 
genitalia,  wing  venation,  punctation,  and  vestiture. 

The  metathoracic  wings  are  described  under  each  generic 
description  and  follow  the  terminology  of  Good  (1925). 
Good’s  study  constructed  both  a key  to  and  a phylogeny  of 
North  American  buprestid  genera  based  on  characters  of 
wing  venation  he  judged  to  be  of  generic  importance.  Neither 
Nanularia  nor  Ampheremus  were  considered  in  the  study, 
even  though  both  were  considered  by  other  workers  to  be 
valid  at  that  time.  The  wings  of  both  genera  are  most  similar 
to  Hippomelas,  as  might  be  expected,  yet  differ  importantly. 
Hippomelas  (Fig.  1)  has  the  radiomedial  cross- vein  entire 
from  the  radial  sector  to  the  medial  vein,  whereas  this  cross- 
vein is  not  entire  in  Nanularia  (Fig.  2)  and  is  completely 
missing  in  Ampheremus  (Fig.  3).  The  configuration  of  the 
anal  veins  also  differs  importantly  among  these  genera:  in 
Hippomelas,  the  1 st A vein  is  united  basally  with  2dA  veins 
and  the  cubito-anal  cross-vein  is  entire;  Nanularia  and  Am- 
pheremus have  the  basal  connection  between  IstA  and  2dA 
atrophied;  Nanularia  does  not  have  the  basal  spur  of  the 
1 stA  on  the  eubito-anal  vein  that  Hippomelas  does;  and  Am- 
pheremus has  no  connection  between  the  anal  and  cubital 
veins. 

Male  and  female  genitalia  were  dissected  from  a number 
of  individuals  of  both  Nanularia  and  Ampheremus.  The  ovi- 
positor showed  no  interspecific  differences,  but  did  follow 
the  same  relative  proportion  of  ovipositor  length  to  body 
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length  found  in  the  ratio  of  body  length  to  genitalia  length 
in  the  male,  which  I believe  is  generically  significant.  The 
structure  and  general  configuration  of  the  male  genitalia  is 
similar  for  Namdaria  spp.  but  is  much  different  in  A.  cylin- 
dricoUis. 

TAXONOMY  OF  NANULARIA  AND  AMPHEREMUS 

As  stated  in  the  introduction,  Namdaria  and  Ampheremus 
are  two  of  five  genera  of  North  American  buprestids  that  are 
classified  in  the  tribe  Chalcophorini.  The  three  remaining 
chalcophorine  genera  are  Hippomelas,  Chalcophora  Sober, 
and  Texania  Casey.  Chalcophora  and  Texania  differ  from 
the  other  genera  by  having  a clearly  sulcate  pronotum,  while 
Hippomelas,  Namtlaria,  and  Ampheremus  may  be  separated 
as  follows. 

la.  Inner  margin  of  eyes  gradually  converging  dorsally  (Fig. 
4);  antennal  segments  4-10  elongate,  subserrate  or,  in 
part,  parallel-sided  and  strongly  flattened  (Fig.  7);  elytral 
apices  normally  deeply  emarginate  and  bidentate  (Fig. 

10) Hippomelas 

b.  Inner  margin  of  eyes  parallel,  or  nearly  so  (Figs.  5,  6); 
antennal  segm.ents  4-10  compact,  triangularly  serrate 
and  not  flattened  (Figs.  8,  9);  elytral  apices  rounded  to 
slightly  emarginate,  not  bidentate,  but  usually  with  su- 
tural tooth  (Figs.  11,  12)  2 

2a.  Lateral  margin  of  pronotum  carinate,  usually  from  base 
to  past  middle  (Fig.  1 3);  epipleuron  with  sublateral  Ca- 
rina evident  on  about  basal  'h  (Fig.  13)  ...  Namdaria 
b.  Lateral  margin  of  pronotum  not  carinate,  or  if  so,  then 
only  slightly  indicated  basally  (Fig.  14);  epipleuron  with- 
out sublateral  carina  (Fig.  14)  Ampheremus 

The  species  of  Hippomelas  are  also  generally  much  larger 
than  either  Namdaria  or  Ampheremus.  Both  genera  can  also 
be  separated  from  Hippomelas  by  virtue  of  the  general  bi- 
ological habits.  Hippomelas  species  use  a wide  variety  of 
trees,  shrubs,  and  perennial  plants  as  hosts  (Linsley  and  Ross, 
1976),  with  no  apparent  co-evolutionary  relationship.  On  the 
other  hand,  species  of  Namdaria  and  Ampheremus  use  only 
a selected  number  of  species  of  the  polygonaceous  genus 
Eriogonum. 

Any  statement  regarding  the  phytogeny  of  these  related 
genera  must  still  await  the  clarification  and  redefinition  of 
the  subfamilies  Buprestinae  and  Chalcophorinae.  Traditional 
studies  have  separated  these  two  taxa  almost  solely  upon  the 
distribution  of  the  antennal  pores,  whereas  the  wing  venation 
study  of  Good  (1925)  and  comments  of  recent  authors,  e.g., 
Cobos  (1980)  and  Toyama  (1986  and  in  liti.)  suggest  that  the 
tribes  and  genera  of  these  two  very  similar  subfamilies  cur- 
rently exist  within  a very  artificial  mosaic  and  are  in  need  of 
a thorough  re-evaluation. 

Casey  (1909)  viewed  the  “cleft”  between  the  meso-  and 
metasterna  (Fig.  1 5)  as  a way  of  relating  Namdaria  to  Trachy- 
kele  Marseul  and  Spectralia  Casey  {=Cinyra  Auctorum,  not 
Laporte  and  Gory).  He  also  discussed  “a  pronounced  ten- 
dency in  them  toward  a more  mobile  connection  between 
the  first  and  second  abdominal  segments,”  but  he  further 


stated  that  “there  is,  however,  little  or  no  harmony  between 
these  three  genera  in  other  structural  characters.” 

An  examination  of  the  wings  figured  herein  (Figs.  1-3)  and 
by  Good  (1925)  does  show  “relationship”  for  Namdaria. 
Ampheremus,  Hippomelas.  Trachykele,  and  Spectralia,  as 
well  as  Buprestis  Linnaeus  and  Melanophila  Eschscholtz, 
based  on  Good’s  concepts  of  specialized  characters.  Unfor- 
tunately, a strict  phylogenetic  statement  of  monophyly  can- 
not be  made  because  of  the  symplesiomorphic  nature  of 
Good’s  characters  that  relate  this  group  of  genera.  Most  im- 
portant in  this  assessment  of  plesiomorphy  is  the  closed  anal 
cell  (2d-2dA),  a character  shared  by  the  Schizopodinae  and 
Dascillidae. 

Based  upon  the  most  contemporary  higher  classification 
by  Cobos  (1980),  the  distribution  of  the  antennal  pores  is 
still  the  only  way  to  separate  the  Chalcophorinae  from  the 
Buprestinae,  but  does  not  prove  to  be  absolute.  As  seen  in 
the  key  to  the  higher  buprestid  taxa  of  North  America  by 
Nelson  (1981),  at  least  one  tribe,  Psilopterini,  of  Chalco- 
phorinae has  the  antennal  pores  dense  within  foveae  as  in 
the  Buprestinae.  Casey  (1909)  commented  that  Lacordaire, 
in  his  choice  of  primary  characters,  “seemingly  in  despair, 
seized  upon  a few  antennal  features  for  major  group  division, 

. . . that  the  grouping  suggested  by  that  author,  ...  is  not 
satisfactory.”  Clearly,  another  approach  is  needed  and  the 
wing  venation  would  seem  to  be  well  worth  pursuing  in  a 
broader  sense  than  Good’s  initial  study. 

Genus  Namdaria  Casey 

Namdaria  Casey,  1909:172;  Leng,  1920:179;  Barr,  1970:2; 

Nelson,  1981:445. 

Gyascutus  (Namdaria):  Obenberger,  1926:160. 

Hippomelas  (Namdaria):  Van  Dyke,  1942:1 1 1;  Blackwelder, 

1944:310;  Nelson  and  Barr,  1960:178;  Arnett,  1971:486; 

Barr,  1971:56. 

TYPE  SPECIES  (by  original  designation).  Namdaria  cu- 
preofusca,  Casey,  1909:174. 

DIAGNOSIS.  Size  small,  length  generally  less  than  15.0 
mm;  subcylindrical,  robust,  convex;  surface  punctate  and 
pubescent. 

REDESCRIPTION.  Head  (Fig.  5)  large,  narrower  than 
pronotum;  surface  clothed  with  erect  white  setae;  eyes  large, 
ovoid,  inner  margins  parallel;  clypeus  broadly  emarginate; 
labrum  short,  subcoriaceous,  feebly  sinuate,  sparsely  punc- 
tate, with  short  stiff  setae;  mentum  short  and  transverse,  very 
broadly  parabolically  rounded;  palpi  slender;  antennae  (Fig. 
8)  inserted  in  small,  widely  separated  foveae,  each  margined 
above  by  oblique  carina  and  reaching  behind  middle  of 
pronotum  when  laid  along  side;  scape  and  segments  2 and  3 
subcylindrical,  3 longer  than  2,  4-10  serrate,  transverse, 
somewhat  flattened,  1 1 flattened  ovoid  and  appendiculate; 
sensory  pores  on  both  surfaces  of  segments  5-1 1 (Fig.  8). 

Pronotum  wider  than  long;  apical  margin  arcuate,  clothed 
with  short  setae;  sides  broadly  rounded,  lateral  margins  car- 
inate on  basal  '/2;  basal  margin  sinuate;  surface  punctate,  with 
vague  transverse  depression  anterior  to  impunctate  basal  lobe. 
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Scutellum  small,  transverse,  impunctate. 

Elytra  wider  than  pronotum,  widest  near  base;  sides  sub- 
parallel, narrowing  gradually  on  apical  ‘A;  epipleura  carinate 
basally;  lateral  margins  serrulate  apically;  surface  irregularly 
punctate,  with  recumbent  setae. 

Underside  strongly  convex,  densely  punctate  and  clothed 
with  recumbent  pubescence;  abdomen  with  suture  between 
first  two  sternites  moderately  indicated,  first  stemite  not  free; 
last  sternite  with  serrate  subapical  carina  before  broadly 
rounded  apex. 

Legs  punctate;  inner  margin  of  protrochanter  with  feeble 
apical  tooth;  pro-  and  mesofemora  slightly  fusiform;  meta- 
femora with  sides  subparallel;  tibiae  straight,  apically  armed 
with  two  short  spines;  tarsal  segments  1-4  each  with  ventral 
pulvillus,  metatarsi  with  segment  1 subequal  in  length  to  5, 
as  long  as  3 and  4 together;  claws  slender,  entire  (Fig.  18). 

Metathoracic  wings  (Fig.  2)  with  subcosta  fused  to  radius 
at  about  basal  ‘A;  radial  cell  closed,  very  narrow  and  elongate; 
radial  sector  vein  feebly  fused  to  medial  vein;  radio-medial 
cross-vein  opposite  radial  cross-vein,  becoming  vague  as  it 
approaches  medial  vein;  IstA  vein  free;  cubito-anal  vein 
present;  “wedge  cell”  2d-2dA  closed. 

Genitalia:  male,  as  in  Figures  19-24;  female  ovipositor,  as 
in  Figure  26. 

TAXONOMIC  CHARACTERS  OF  NANULARIA 

The  various  species  and  populations  of  Namilaria  are  in  such 
a state  of  evolutionary  flux  that  writing  a reliable  key  to 
separate  them  is  very  difficult.  In  many  cases,  infraspecific 
variation  is  almost  as  great  as  the  interspecific  differences 
and  any  character  examined  in  a given  population  will  show 
a wide  range  of  variation.  Therefore,  the  key  is  written  only 
to  separate  species  in  their  broadest  sense  and  the  user  will 
have  to  refer  to  the  following  discussions  for  satisfactory 
identification. 

I discuss  the  taxonomy  of  Namilaria  in  terms  of  species 
or  superspecies  based  on  the  following  morphological  char- 
acters. More  specific  characters  and  a discussion  of  infra- 
specific variation  wilt  be  found  under  each  species  descrip- 
tion. This  general  morphological  information  should  be  used 
in  combination  with  the  distributional  data  and  will  allow  a 
fairly  reliable  method  of  species  separation. 

1.  General  body  proportions.  The  overall  proportions 
(maximum  length  vs.  width)  of  the  entire  body  and  pronotum 
are  stable  characters  in  the  broad  sense  but  still  exhibit  a 
certain  degree  of  infraspecific  variation.  This  variation  would 
seem  to  be  allometric,  influenced  by  host  plant  size  and  chem- 
istry and  is  a reflection  of  various  ecological  factors,  e.g., 
climatic,  edaphic,  acting  on  the  various  species  and  varieties 
oi Eriogonum.  Species  are  generally  parallel  (e.g..  Fig.  28)  or 
robust  (e.g. , Fig.  3 1 ),  with  smaller  specimens  of  several  robust 
species  being  parallel  instead. 

2.  Punctation  and  vestiture.  Punctation  seems  to  vary  only 
in  degree,  i.e.,  size  and  density,  and  is  usually  very  similar 
on  the  head  and  pronotum.  Several  species  generally  seem 
to  have  pronotal  callosities  and  this  character  appears  to  be 
constant.  The  elytral  punctation  is  basically  striate  and  more 


or  less  regular  in  configuration.  The  presence  or  absence  of 
vague  elytral  costae  is  constant  within  species  but  is  often 
difficult  to  see  on  non-irridescent  forms.  The  density,  size, 
shape,  and  color  of  the  setae  on  the  head  and  pronotum  are 
generally  uniform  with  infraspecific  variation  seemingly  linked 
to  locality  climate,  e.g.,  denser  setation  on  specimens  from 
more  xeric  localities.  This  is  perhaps  linked  to  the  amount 
of  pulverulence  found  in  various  populations  (see  Biology). 

3.  Color.  The  only  value  of  color  in  species  definition  is 
between  species  that  are  always  metallic  and  those  that  have 
the  elytra  non-irridescent.  The  non-irridescent  elytra  gen- 
erally vary  from  brunneous  to  rufobrunneous  on  the  disc  and 
are  completely  margined  by  a dark  border.  The  presence  of 
this  non-metallic  condition  only  in  the  extreme  part  of  the 
range  of  two  species  (N.  califoniica  and  N.  cupreofusca),  while 
always  present  over  the  entire  range  of  another  (N.  brunneata) 
suggests  a climatic  effect  on  color  production  while  in  pupal 
diapause.  Variation  within  metallically  colored  species  or 
populations  is  often  fairly  constant  but  can  be  affected  by  the 
method  of  killing  and/or  preserving  the  specimens  (see  Van 
Dyke,  1942:1  13)  and  therefore,  not  definitive.  In  some  pop- 
ulations, the  degree  of  color  variation  seems  to  be  allometric. 

A number  of  characters  that  are  usually  constant,  and 
therefore  definitive,  in  other  buprestid  genera  were  examined 
and  found  to  exhibit  a large  degree  of  infraspecific  variation 
for  Namilaria.  These  include  shape  and  proportions  of  an- 
tennal and  leg  segments,  the  degree  of  convexity  of  the  eyes, 
the  clypeal  emargination,  the  lateral  pronotal  carinae,  the 
basal  constriction  of  the  pronotum,  and  the  elytral  sutural 
tooth.  The  shape  of  the  male  genitalia  is  not  constant  and 
varies  between  populations,  although  there  are  two  general 
configurations,  with  the  first  (Figs.  19-22)  being  proportion- 
ally smaller  and  with  the  parameres  less  apically  lobate  and 
the  second  (Figs.  23,  24)  being  larger  and  having  the  para- 
meres apically  lobate. 

The  following  species  and  superspecies  are  defined  and 
based  upon  the  qualifications  discussed  before  and  in  the 
following  key.  In  all  but  the  last  case,  infraspecific  or  infra- 
populational  variation  should  be  considered  in  combination 
with  the  recorded  distribution. 

1.  Namilaria  califoniica.  The  populations  that  make  up 
this  species  are  generally  uniform  in  their  form  (parallel), 
punctation,  and  vestiture.  The  coloration  varies  both  be- 
tween and  within  populations,  but  is  generally  dark  cupreous 
with  reddish  or  greenish  reflected  tints.  In  addition,  some 
specimens  from  the  northernmost  locality  are  non-irrides- 
cent and  superficially  resemble  specimens  of  N.  brunneata 
and  N.  ciipreofusca,  but  can  be  separated  by  differences  in 
punctation,  vestiture,  coloration  of  the  head,  pronotum,  and 
underside,  and  distribution.  The  male  genitalia  belong  to  the 
first  group. 

2.  Namilaria  (superspecies  brunneata).  This  species  aggre- 
gate is  composed  of  N.  (brunneata)  brunneata,  N.  (brunneata) 
cupreofusca,  and  N.  (brunneata)  alpina,  new  species.  The  first 
two  species  are  very  similar  in  several  respects.  Most  spec- 
imens are  robust,  but  smaller  forms  approach  the  parallel 
condition.  The  vaguely  costate  nature  of  the  elytra  in  N. 
cupreofusca  is  harder  to  see  in  N.  brunneata  but  is  partially 
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present.  Most  specimens  have  a pair  of  callosities  anterior 
to  the  middle  of  the  pronotal  disc.  The  punctation  and  ves- 
titure  is  similar,  with  N.  alpina,  new  species,  having  the 
punctation  slightly  coarser  and  the  vestiture  slightly  reduced. 
The  male  genitalia  belong  to  the  first  group.  In  all  examined 
specimens,  N.  brunneata  has  non-metallic  elytra.  Non-irri- 
descent  forms  of  N.  cupreofusca  are  very  hard  to  separate 
and  if  they  had  not  been  collected  along  with  metallic  spec- 
imens at  the  same  locality  (Baja  California,  La  Virgen)  at  the 
southern  extreme  of  the  range,  they  would  have  been  placed 
with  N.  brunneata.  Nearly  contiguous  distributions,  using 
the  same  host  plant  species  in  these  areas  and  the  general 
morphological  similarities  suggest  that  these  two  species  have 
differentiated  ecologically,  with  N.  brunneata  reflecting  a more 
xeric  adaptation  and  N.  cupreofusca  being  the  coastal  or  higher 
elevation  form. 

3.  Nanularia  (superspecies  obrienorum).  Only  two  species 
belong  to  this  aggregate,  N.  {obrienorum)  obrienorum  and  N. 
(obrienorum)  monoensis.  new  species.  These  two  species  are 
generally  robust,  but  again,  smaller  specimens  approach  the 
parallel  condition.  The  populations  of  N.  obrienorum  are 
discussed  under  that  species  and  have  a high  degree  of  vari- 
ation both  between  and  within  in  their  coloration.  Nanularia 
monoensis,  new  species,  with  its  melanic  coloration  and  its 
limited  range  is  quite  removed  from  that  of  N.  obrienorum. 
The  male  genitalia  are  of  the  second  type.  Populations  of  N. 
obrienorum  seem  to  approach  the  southern  range  limits  of 
N.  californica  at  the  northwestern  extremes  and  nearly  over- 
lap with  N.  cupreofusca  at  one  locality  in  the  southern  Te- 
hachipi  Mts.  (Acton,  Kern  Co.). 

4.  Nanularia  pygmaea.  This  seemingly  divergent  species 
differs  from  all  others  by  having  a very  coarse  punctation 
over  the  entire  surface,  the  elytra  widest  at  the  apical  ‘A  and 
apically  rounded,  the  single  Texas  locality  far  removed,  and 
an  unrelated  putative  larval  host  plant  (see  remarks  under 
this  species). 

KEY  TO  THE  SPECIES  OE  NANULARIA 

la.  Elytra  broadest  at  apical  'A,  apices  rounded;  entire  sur- 
face coarsely  punctate  . . . (Texas)  N.  pygmaea 

b.  Elytra  broadest  basally  or  with  sides  subparallel  in  basal 
'A,  apices  more  or  less  truncate,  with  sutural  tooth; 

punctation  reduced  2 

2a.  Pronotum  constricted  anterior  to  base,  the  sides  slightly 

wider  at  base  3 

b.  Pronotum  not  constricted,  or  feebly  so;  sides  subpar- 
allel in  basal  'A  8 

3a.  Bicolorous:  head,  pronotum,  and  underside  cupreous; 

elytra  non-irridescent,  brunneous  4 

b.  Unicolorous:  aeneous,  cupreous  or  purplish;  color  more 

or  less  uniform  over  entire  surface  5 

4a.  Eyes  larger,  dorsal  apex  of  eye  more  rounded  (Fig.  16); 
head,  pronotum,  and  underside  bright  cupreous,  often 
with  a faint  purplish  reflection;  punctation  of  head  and 
pronotum  coarser,  more  dense,  vestiture  more  dense 

N.  (superspecies  brunneata)  (part) 

b.  Eyes  smaller,  dorsal  apex  of  eye  more  acuminate  (Fig. 


17);  head,  pronotum,  and  underside  dark  cupreous; 
punctation  of  head  and  pronotum  finer,  sparser;  ves- 
titure sparser N.  californica  (part) 

5a.  Body  more  cylindrical,  length  usually  greater  than  3.2  x 

width  (Fig.  28)  6 

b.  Body  more  robust,  length  usually  less  than  2.9  x width 

(Fig.  31) 7 

6a.  Purplish  cupreous;  elytra  with  a series  of  feebly  elevated 
longitudinal  costae,  each  with  a single  line  of  punctures; 
costae  separated  by  at  least  two  lines  of  punctures;  dor- 
sal apex  of  eye  more  rounded;  punctation  and  vestiture 

as  in  4a  N.  (brunneata)  cupreofusca  (part) 

b.  Dark  cupreous,  sometimes  with  a reddish  tint;  elytra 
not  costate;  dorsal  apex  of  eye  more  acuminate;  punc- 
tation and  vestiture  as  in  4b  ....  TV.  californica  (part) 
7a.  Size  smaller,  length  usually  less  than  9.0  mm;  color 
aeneous  with  more  greenish  tint;  pronotum  with  four 
well-defined  callosities  before  middle,  two  on  each  side 

with  one  centrad,  one  laterad  

TV.  (brunneata)  alpina,  new  species 

b.  Size  larger,  length  usually  greater  than  10.0  mm;  color 
dark  aeneous;  pronotal  callosities,  if  present,  limited  to 


discal  pair  TV.  (obrienorum)  obrienorum  (part) 

8a.  Bicolorous TV.  (brunneata)  brunneata  (part) 

b.  Unicolorous  9 


9a.  Black  with  slight  bluish  or  purplish  reflection 

TV.  (obrienorum)  monoensis,  new  species 

b.  Aeneous  or  cupreous  10 

I Oa.  Aeneous,  or  sometimes  dark  cupreous  but  with  a green- 

ish tint  TV.  (obrienorum)  obrienorum  (part) 

b.  Cupreous,  often  with  either  purplish  or  reddish  tint 
11 

I I a.  Purplish  cupreous;  elytra  with  a series  of  feebly  elevated 

longitudal  costae,  each  with  a single  line  of  punctures; 
costae  separated  by  at  least  two  lines  of  punctures;  dor- 
sal apex  of  eye  more  rounded;  punctation  and  vestiture 

as  in  4a  TV.  (brunneata)  cupreofusca  (part) 

b.  Dark  cupreous,  sometimes  with  a reddish  tint;  elytra 
without  costae;  dorsal  apex  of  eye  more  acuminate; 

punctation  and  vestiture  as  in  4b 

TV.  californica  (part) 

The  ordering  of  species  below  follows  the  previous  order 
of  superspecies,  but  may  differ  for  species  within  superspe- 
cies. This  ordering  does  not  and  should  not  imply  any  strict 
phylogenetic  grouping. 

Nanularia  californica  (Horn) 

Figures  13,  17,  19,  26,  28,  36 

Gyascutus  californicus  Horn,  1875:147;  Kerremans,  1892: 
55. 

Nanularia  californica:  Casey,  1909:174;  Feng,  1920:179; 
Knull,  1941:387;  Barr,  1970:3. 

ca/i/b/'n/ca.' Kerremans,  1903:65;  1908:314. 
Hippomelas  cupreofusca  (Casey):  Chamberlin,  1926:206. 
Gyascutus  (Nanularia)  californica:  Obenberger,  1926:160. 
Hippomelas  (Nanularia)  californica:  Van  Dyke,  1942:113; 
Nelson  and  Barr,  1960:178. 
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DIAGNOSIS.  Size,  7.0-1 2.5  mm  long  x 1 .9-3.8  mm  wide; 
subcylindrical;  convex;  shining  dark  cupreous  with  reddish 
or  greenish  reflected  tints  on  head,  pronotum,  and  underside; 
specimens  from  northern  California  sometimes  with  non- 
irridescent  brunneous  elytra;  pulverulence  generally  not  pres- 
ent. 

REDESCRIPTION.  Male.  7.0-1 1.5  mm  long  x 1.9-3. 5 
mm  wide.  Head.  Moderately  punctate  and  clothed  with  short 
erect  white  setae;  frons  convex  between  eyes;  median  sulcus 
on  vertex;  oblique  supra-antennal  carinae  strongly  elevated; 
clypeus  broadly,  triangularly  emarginate,  margin  obtuse  at 
sides.  Antennae.  Serrate  segments  bicolorous  laterally. 

Pronotum.  Length  subequal  to  width,  widest  at  middle; 
densely,  coarsely  punctate,  with  sparse,  short  recumbent  se- 
tae; anterior  margin  feebly  sinuate;  basal  margin  feebly  In- 
sinuate; mediobasal  lobe  impunctate,  slightly  elevated  api- 
cally;  lateral  margins  arcuate,  carinate  on  basal  'A;  disc  convex, 
somewhat  flattened  medially,  with  slight  transverse  depres- 
sion before  anterior  margin.  Scutellum.  Transverse,  rounded 
laterally,  deeply  impressed  medially. 

Elytra.  Wider  than  pronotum,  widest  basally;  sides  almost 
parallel  to  apical  'A,  then  gradually  narrowing  to  subtruncate 
apices,  serrate  along  lateral  margins  to  short  sutural  tooth; 
punctation  coarse,  dense,  and  irregular;  surface  clothed  with 
short,  recurved  white  setae;  vague  costae  indicated  through- 
out length  of  disc;  suture  at  base  rounded  and  elevated. 

Underside.  Moderately  clothed  with  long  recumbent  white 
setae;  punctation  of  pro-,  meso-,  and  metasterna  coarse  but 
less  dense  than  dorsum;  prostemum  with  anterior  margin 
broadly  convex,  process  broadly  acuminate,  with  lateral  an- 
gles obtuse. 

Genitalia.  As  in  Figure  19. 

Female.  7.5-12.0  mm  long  x 2. 2-3. 8 mm  wide;  generally 
more  robust;  serrate  antennal  segments  more  compact,  uni- 
colorous;  abdominal  stemites  more  convex  and  declivous. 

VARIATION.  Nanularia  californica  is  one  of  the  more 
stable  species,  with  less  infraspecific  variation  between  pop- 
ulations. The  body  proportions  are  more  or  less  stable  in  the 
majority  of  specimens,  although  some  allometric  change  is 
noted  in  larger  specimens.  There  is  some  variation  in  ground 
color,  punctation,  and  vestiture;  the  coastal  populations  are 
darker  cupreous  and  more  densely  punctate  and  setose 
whereas  those  from  the  foothills  of  the  Sierra  Nevada  are 
brighter  cupreous  with  a reddish  or  greenish  reflection  and 
have  punctation  and  vestiture  that  are  reduced.  Specimens 
from  the  northernmost  localities  have  the  non-irridescent 


19  20  21  22 


24 


23 

Figures  19-25.  Male  genitalia,  dorsal  view.  Fig.  19,  N.  californica. 
Fig.  20,  N.  cupreofusca.  Fig.  21,  N.  brunneata.  Fig.  22,  N.  alpina. 
Fig.  23,  N.  obrienornm.  Fig.  24,  N.  inonoensis.  Fig.  25,  A.  cylindri- 

collis. 


color  condition  with  brunneous  elytra  which  resemble  N. 
brunneata  and  some  N.  cupreofusca. 

LECTOTYPE  DESIGNATION.  Male,  one  of  six  syntypes 
from  the  LeConte  and  Horn  collections,  with  label  data  as 
follows;  (p)  CAL/(p)  Lectotype  3422  (Red  label,  from  arbi- 
trary unpublished  designation)  (MCZC).  The  lectotype  and 
paralectotype  series  generally  is  in  poor  condition  as  is  the 


Figures  1-18.  Figs.  1-3,  metathoracic  wings.  Fig.  1,  Hippomelas  dianae  Heifer  (arrow  a shows  cross-vein  between  radial  sector  and  medial 
veins,  arrow  b shows  IstA  connected  to  2ndA);  Fig.  2,  Nanularia  brunneata  (Knull)  (arrow  shows  loss  of  spur  on  cubitoanal  cross- vein,  2d- 
2dA  = “wedge  cell”);  Fig.  3,  Ampheremus  cylindricollis  Fall.  Figs.  4-6,  head,  frontal  view.  Fig.  4,  H.  planicosta  LeConte;  Fig.  5,  N.  obrienornm 
Knull;  Fig.  6,  A.  cylindricollis.  Figs.  7-9,  right  antenna,  ventral  view.  Fig.  7,  H.  dianae:  Fig.  8,  N.  obrienornm:  Fig.  9,  A.  cylindricollis.  Figs. 
10-12,  apex  of  left  elytron.  Fig.  10,  H.  planicosta:  Fig.  11,  N.  obrienornm:  Fig.  12,  A.  cylindricollis.  Figs.  13,  14,  lateral  habitus.  Fig.  13,  N. 
californica  (Horn)  (arrow  a shows  lateral  pronotal  carina,  arrow  b shows  epipleural  carina);  Fig.  14,  A.  cylindricollis.  Fig.  15,  left  ventral  view 
of  thoracic  sterna,  N.  obrienornm  (arrow  shows  “cleft,”  C,  = procoxa,  C2  = mesocoxa,  H = hypomeron,  Mpm  = metepimeron,  Mps  = 
metepistemum,  Ms  = mesosternum,  Mt  = metastemum,  Pp  = prostemal  process,  Ps  = prostemum).  Figs.  16,  17,  head,  lateral  view.  Fig.  16, 
N.  cupreofusca  Casey;  Fig.  17,  TV.  californica.  Fig.  18,  apex  of  metatibia  and  metatarsus,  TV.  obrienornm. 
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Figures  26,  27.  Ovipositor,  dorsal  view.  Fig.  26,  N.  californica. 
Fig.  27,  A.  cylindhcollis  (scale  bars  = 1 mm). 


series  from  MNHN  that  the  syntype  series  is  believed  to 
have  come  from  (Van  Dyke,  1942:113). 

TYPE  LOCALITY,  “occurs  in  the  San  Joaquin  Valley, 
California.”  (Horn,  1875.) 

DISTRIBUTION  (Fig.  36).  Northern  and  central  Califor- 
nia, generally  from  low  foothills  bordering  the  San  Joaquin 
and  Sacramento  valleys;  also  from  the  foothills  around  the 
San  Francisco  Bay  and  San  Luis  Obispo  Co. 

MATERIAL  EXAMINED.  CALIFORNIA:  TEHAMA 
CO.:  Jelly’s  Ferry  Rd.  and  Interstate  5,  300  ft.,  I7-VI-1974, 
lO-VII-1975,  I-VII-1982  (RLWE,  CEBC);  COLUSA  CO.: 
Stonyford,  larvae  found  in  Eriogonum  root  crown  (RLWE); 
Ladoga,  19-VII-1955  (CISC);  LAKE  CO.:  Nice,  26-VII-1963 
(WFBC);  SONOMA  CO.:  1 mi.  W Petaluma,  IO-VII-1962 
(CISC);  CALAVERAS  CO.:  E Valley  Springs,  14-VII-1919 
(CASC);  TUOLUMNE  CO.:  Sonora,  31-V-1931  (AMNH); 
Oakland  Rec.  Camp,  22-VII-1927  (FMNH),  28-VII-1927 
(AMNH);  CONTRA  COSTA  CO.:  Walnut  Creek,  29-VIII- 
1964,  on  E.  latifolium  (CISC,  GHNC);  AEAMEDA  CO.:  1 
mi.  E Altamont,  4-IX- 1 964,  on  E.  latifolium  (GHNC);  SAN- 
TA CLARA  CO.:  San  Antonio  Valley,  22-VII-1955,  on  E. 
nudum  (GHNC);  E Arroyo  Bay,  2 1 -VII- 1 962  (CISC);  STAN- 
ISLAUS CO.:  22  mi.  W Patterson,  11 -VII- 1962  (GHNC); 
SANTA  CRUZ  CO.:  Ben  Lomand,  21 -VII- 1931  (CASC); 
MARIPOSA  CO.:  5 mi.  S Coulterville,  18-VII-1974,  on  E. 
nudum  (DSVC,  CLBC);  12  mi.  S Coulterville,  18-VII-1975, 
on  E.  nudum  (DSVC);  5-10  mi.  SE  Coulterville,  5-VII-1983 
(AJGC,  CLBC,  GHNC,  RLWE);  9.6  mi.  S Coulterville,  7-VII- 
1983,  with  1 each  emerging  ex  E.  nudum:  14-VIII- 

1983,  16-VIII-1983,  IX- 1983  (RLWE);  same  locality,  20- 
VII- 1983  (CLBC);  MADERA  CO.:  Millerton  Lake,  1,  3,  8- 
VII- 1977  (AJGC,  GHNC,  RLWE);  Millerton  Lake,  Winchell 
Cove,  1 7-VI- 1 982,  sweeping  E.  fasciculatum  (CLBC);  FRES- 
NO CO.:  Pine  Flat  Res.,  8-VII-1977,  on  Eriogonum  sp. 
(GHNC);  SAN  LUIS  OBISPO  CO.:  3 mi.  W Paso  Robles, 
lO-IX-1964  (CISC);  Atascadero,  25-VI-1940,  9,  15,  27-VII- 
1946  (CASC,  CLBC,  WFBC).  Also  examined:  Montagnes  de 
Jubee,  1853,  Lorquin,  leg.  (MNHN,  CLBC). 

HOSTS.  Adults  have  been  collected  from  the  stems  of  E. 
fasciculatum  Benth.,  E.  latifolium  Sm.  in  Rees  and  E.  nu- 
dum Dough  ex  Benth.  Larvae  have  emerged  from  (Mariposa 


Co.)  and  been  cut  (Tehama  Co.)  from  the  roots  of  E.  nudum 
(R.L.  Westcott,  in  litt.). 

FLIGHT  PERIOD.  June  to  September. 

REMARKS.  The  general  overall  morphology  of  N.  cali- 
fornica suggests  the  closest  relative  to  be  N.  cupreofusca.  The 
overlap  of  distributions  between  N.  californica  and  N.  obri- 
enorum  in  Monterey  and  San  Luis  Obispo  counties  is  cu- 
rious and  perhaps  just  an  artifact  of  collecting,  as  no  host 
plant  information  was  recorded  on  these  specimens.  Speci- 
mens of  both  species  from  these  areas  are  generally  easy  to 
separate  as  indicated  in  the  key. 


Namilaha  cupreofusca  Casey 

Figures  16,  20,  29,  37 

Nanularia  cupreofusca  Casey,  1909:174;  Leng,  1920:179. 
Hippomelas  cuprefusca:  Chamberlin,  1926:207. 

Gyascutus  (Nanularia)  cupreofusca:  Obenberger,  1926:160. 
Hippomelas  (Nanularia)  cupreofusca:  Van  Dyke,  1942:1 13; 

Nelson  and  Barr,  1960:178. 

Nanularia  (Nanularia)  cupreofusca:  Barr,  1970:3. 

DIAGNOSIS.  Size,  6.8-12.0  mm  long  x 1,9-4. 2 mm  wide; 
subcylindrical,  convex;  purplish  cupreous;  some  specimens 
from  extreme  southern  locality  in  Baja  California  with  elytra 
non-irridescent  brunneous;  disc  of  elytra  with  vague  unim- 
pressed striae. 

REDESCRIPTION.  Male.  6. 8-9. 5 mm  long  x 1. 9-3.0 
mm  wide.  Head.  Densely  punctate,  sparsely  clothed  with 
short  setae;  frons  somewhat  flattened  with  a smooth  callosity 
on  either  side  of  median  depressed  line;  oblique  supra-an- 
tennal  carinae  moderately  elevated;  clypeus  broadly  arcuate, 
margin  obtuse  at  sides.  Antennae.  Serrate  segments  brun- 
neous laterally. 

Pronotum.  Length  subequal  to  width,  widest  in  middle; 
coarsely  punctate  with  short  recurved  setae;  disc  convex  lat- 
erally, medially  flattened  with  one  smooth  callosity  anterior 
to  middle  on  either  side  of  median  depression;  anterior  mar- 
gin sinuate;  basal  margin  strongly  bisinuate,  with  mediobasal 
lobe  vaguely  sinuate,  impunctate;  lateral  margins  slightly  ar- 
cuate anteriorly,  slightly  constricted  before  base,  carinate  from 
acute  basal  angles  to  before  middle.  Scutellum.  Subtriangular, 
broadly  impressed  medially. 

Elytra.  Wider  than  pronotum,  widest  basally;  sides  nar- 
rowing gradually  to  apical  '/i,  then  tapering  more  steeply  to 
subtruncate  apices;  lateral  margins  slightly  serrate  to  slight 
sutural  tooth;  punctation  and  vestiture  as  on  pronotum,  with 
punctation  somewhat  reticulate  basally;  fine  unimpressed 
striae  arranged  in  pairs,  more  or  less  evident  throughout 
width;  suture  at  base  moderately  elevated  and  rounded. 

Underside.  Punctation  and  vestiture  on  prostemum  as  on 
pronotum;  meso-  and  metasterna  and  abdominal  stemites 
with  punctation  finer,  more  dense;  setae  longer,  recumbent; 
prostemal  process  acuminate,  lateral  angles  acute;  abdominal 
sutures  straight,  subparallel,  arcuate  laterally. 

Genitalia.  As  in  Figure  20. 

Female.  7.0-12.0  mm  long  x 2. 8-4. 2 mm  wide;  generally 
more  robust;  antennal  segments  more  compact  and  unicol- 
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Figures  28-33.  Dorsal  outlines.  Fig.  28,  N.  californica.  Fig.  29,  N.  cupreofusca.  Fig.  30,  N.  bnmneata.  Fig.  31,  N.  obhenontm.  Fig.  32,  N. 
pygmaea.  Fig.  33,  A.  cyUndricoUis  (scale  bars  = 1 mm). 
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orous;  abdomen  more  convex  and  more  steeply  declivous  to 
apex. 

VARIATION.  Namdaha  cupreofusca  is  fairly  uniform  in 
the  central  and  southern  portions  of  its  range,  but  there  are 
some  specimens  from  isolated  northern  populations,  such  as 
in  Los  Angeles  Co.,  that  suggest  a strong  relationship  with 
N.  obrienorum.  Specimens  from  the  southern  portion  of  the 
range  have  a brunneous  color  phase  resembling  N.  bnmneata 
and  some  N.  californica  from  their  northernmost  localities. 

LECTOTYPE  DESIGNATION.  Female,  one  of  two  syn- 
types  from  the  Casey  collection,  with  label  data  as  follows: 
(p)  Poway,  CAL/(p)  Type,  USNM  35857/(h),  Nanularia  cu- 
preofusca Csy.  (USNM).  This  designation  is  based  on  infor- 
mation from  Buchanan  (1935),  who  discussed  the  Casey  col- 
lection and  outlined  those  specimens  that  should  be  considered 
as  the  “type.”  The  sex  of  the  paralectotype  was  not  deter- 
mined but  the  locality  data  are  the  same  as  for  the  lectotype. 

TYPE  LOCALITY.  California,  San  Diego  Co.,  Poway. 

DISTRIBUTION  (Fig.  37).  Coastal  southern  California: 
Ventura,  Los  Angeles,  San  Bernardino,  Orange,  and  San  Die- 
go counties;  Baja  California  Norte. 

MATERIAL  EXAMINED.  CALIFORNIA:  VENTURA 
CO.:  Sespe  Canyon,  lO-VII-1959  (UCDC);  LOS  ANGELES 
CO.:  Acton,  16-VII-1960,  1961,  on  E . fascicidatiim  (GHNC, 
RLWE,  CLBC);  Encinal  Canyon,  Charmlee  Park,  28-VII- 

1974  (RLWE);  San  Gabriel  Canyon,  Rincon  Station,  27-VII- 
1975,  on  E.  elongatum  (DSVC);  San  Gabriel  Canyon,  1600 
ft.,  reared  ex  E.  elongatum,  coll.  8-VII- 1975,  emerged  4-VIII- 

1975  (RLWE);  Tanbark  Rat,  13-VII-1950  (CISC);  SAN 

BERNARDINO  CO.:  N shore  Baldwin  Lake,  2-VI-1984,  on 
E.  kennedyi  CLBC);  ORANGE  CO.:  Laguna  Beach, 

14-VII- 1 95 1 (DSVC);  SAN  DIEGO  CO.:  Poway  (CASC),  20- 
VII- 1940  (CASC),  9-VI-1885  (FMNH);  La  Mesa,  6-VII-1953, 
l-VII-1957  (CASC);  Dulzura,  28-VIII-1949  (FMNH);  Bar- 
rett, 16-VI-1974,  cut  from  roots  of  E.  fasciculatum  (BKDC), 
14.VII-1982  (CLBC,  BKDC),  6-IX-1982  (CLBC)  on  E.  fas- 
ciculatum; 2.7  mi.  E Potrero,  24-VI-1979,  cut  from  roots  of 
E.  fasciculatum  (BKDC);  3 mi.  E Potrero,  14-VIII-1982,  on 
E.  fasciculatum  (CLBC);  Otay  Lake,  16-Vn-1983,  on  E.  fas- 
ciculatum (CLBC);  MEXICO:  BAJA  CALIFORNIA  NORTE: 
6 and  12  mi.  S Santo  Tomas,  27-VI-1976  (DSVC);  12.3  mi. 
S Santo  Tomas,  30-VI-1973  (RLWE);  9 and  21  km  S Santo 
Tomas,  6-VIII-1980  (CLBC,  RLWE),  all  on  E.  elongatum; 
13  mi.  S San  Augustin,  29-VII-1955  (CASC);  0.5  mi.  N La 
Virgen,  1 -VII- 1 973  (RLWE);  2 mi.  N Catavina,  28-VI- 1976, 
on  E.  elongatum  (DSVC);  Sierra  San  Pedro  Matir,  5 mi.  S 
Mike’s  Sky  Ranch,  16-VII-1977  (RLWE). 

HOSTS.  Adults  have  been  collected  from  the  foliage  of 
E.  elongatum  Benth.,  E.  fasciculatum,  and  E.  kennedyi  Porter 
ex  Wats.  Larvae  and  adults  have  been  cut  from  the  roots  of 
E.  fasciculatum  and  reared  from  E.  elongatum. 

FLIGHT  PERIOD.  June  to  September. 

REMARKS.  Nanularia  cupreofusca  comes  closest  to  N. 
bnmneata,  although,  as  discussed  previously,  it  seems  to 
come  near  N.  obrienorum  in  several  northern  populations. 
The  former  two  species  have  distributions  that  are  almost 


contiguous  in  Los  Angeles  and  San  Diego  counties,  appar- 
ently separated  by  the  coastal  transverse  ranges. 

Nanularia  bnmneata  (Knull) 

Figures  2,  21,  30,  37 

Hippornelas  brunneata  Knull,  1947:210. 

Elippomelas  {Nanularia)  brunneata;  Nelson  and  Barr,  1960: 

178;  Nelson,  1960:71. 

Nanularia  (Nanularia)  brunneata;  Barr,  1970:3;  Nelson  et 

al.,  1981:145. 

DIAGNOSIS.  Size,  6.8-12.0  mm  long  x 1.7-4. 2 mm  wide; 
subcylindrical,  convex;  head,  pronotum,  and  underside  shin- 
ing cupreous;  elytra  brunneous  with  lateral  margins  and  su- 
ture dark;  pubescence  on  head,  pronotum,  and  underside 
moderately  dense,  with  thick  pulverulent  coating,  especially 
on  specimens  from  desert  localities. 

REDESCRIPTION.  Male.  6.8-1 1.0  mm  long  x 1. 7-4.2 
mm  wide.  Elead.  Convex  between  eyes,  closely,  densely  punc- 
tate; frons  and  clypeus  clothed  with  long  recumbent  white 
setae;  supra-antennal  carinae  moderately  elevated;  clypeus 
arcuately  emarginate,  margin  obtuse  laterally.  Antennae.  Ser- 
rate portion  of  segments  4-1 1 brunneous. 

Pronotum.  Wider  than  long,  widest  before  middle;  irreg- 
ularly coarsely  punctate  with  short  fine  recurved  setae;  an- 
terior margin  broadly  arcuate;  lateral  margins  arcuate,  cari- 
nate basally,  carinae  not  reaching  to  middle;  disc  convex, 
median  depression  separating  two  smooth  callosities  before 
middle;  mediobasal  lobe  impunctate,  slightly  elevated  api- 
cally.  Scutellum.  Wider  than  long,  slightly  depressed  medi- 
ally. 

Elytra.  Widest  at  base,  wider  than  pronotum;  sides  grad- 
ually converging  to  subtruncate  apices,  with  sutural  tooth; 
lateral  margins  serrulate  on  apical  U;  disc  densely  punctate 
basally,  punctures  becoming  finer  and  less  dense  apically, 
indistinctly  striate  apically;  surface  with  short  recurved  white 
setae. 

Underside.  Finely  densely  punctate  with  fine,  long  recum- 
bent setae;  prostemum  with  anterior  margin  broadly  arcuate; 
process  acuminate,  lateral  angles  acute;  abdomen  convex  with 
sutures  parallel. 

Genitalia.  As  in  Figure  2 1 . 

Female.  9.0-12.0  mm  long  x 2. 8-4. 2 mm  wide;  generally 
larger,  more  robust;  serrate  antennal  segments  more  com- 
pact, unicolorous;  abdomen  more  convex,  with  apical  ster- 
nites  more  steeply  declivous. 

VARIATION.  Nanularia  brunneata  is  generally  uniform 
throughout  its  wide  range.  The  differences  noted  are  probably 
environmentally  induced  and  may  be  allometric  as  well,  such 
as  altitudinal,  e.g.,  smaller  overall  size  with  increasing  ele- 
vation, or  climatic,  e.g.,  more  pulverulence  in  more  arid 
localities.  These  differences  can  also  be  correlated  with  host 
plants,  but  since  this  would  not  agree  with  the  observation 
of  increased  overall  size  in  relation  to  larger  root  crowns, 
e.g.,  larger  individuals  in  E.  inflatum,  which  has  the  smallest 
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roots  generally  of  the  hosts  recorded  below,  I favor  the  en- 
vironmental explanation. 

TYPE  LOCALITY.  Holotype,  female  (FMNH):  Califor- 
nia, Riverside  Co.,  Palm  Springs,  30-VI-1946,  D.J.  and  J.N. 
Knull. 

DISTRIBUTION  (Fig.  37).  Inland  southern  California: 
Arizona,  Nevada,  Utah,  and  Idaho. 

MATERIAL  EXAMINED.  IDAHO:  LEMHI  CO.:  10  mi. 
N Salmon,  18-VII- 1968;  JEFFERSON  CO.:  12mi.  NWTer- 
reton,  2-VIII-I955;  OWYHEE  CO.:  13  mi.  SE  Murphy, 
3-VIII-1958,  all  (WFBC);  UTAH:  KANE  CO.:  23  mi.  NW 
Page,  Arizona,  22-VI- 1978  (UCDC);  TOOELE  CO.:  Dugway 
Proving  Ground,  Little  Granite  Mts.  and  SW  end  of  Cedar 
Mts.,  several  dates,  mid-VIII,  1953,  1954,  1955  on  Eriog- 
oniim  (WFBC,  CASC,  UCDC,  GHNC,  CLBC);  ARIZONA: 
COCONINO  CO.:  6.5  mi.  N Moenkopi,  4-VII-1973  (CDAE); 
YAVAPAI  CO.:  20  mi.  N Congress,  30-V-1950;  Congress, 
19-VI-1965,  all  (DSVC);  13  mi.  S Prescott,  2-VIII-1950 
(FMNH);  2 mi.  N Prescott,  16/1 7-VII- 1974  (AJGC);  MAR- 
ICOPA CO.:  Lake  Pleasant,  29-X-1967;  GRAHAM  CO.: 
Graham  Mts.,  Stockton  Pass,  18-VII- 1970  (WFBC,  ASUC); 
PIMA  CO.:  Baboquivari  Mts.,  9-VII-1935  (OSUO);  26-IX- 
1935  (FMNH);  LA  PAZ  CO.  (formally  northern  Yuma  Co.): 
Hope,  19-VI-1965(GCWC);6mi.  EEhrenberg,  13-VI-1980; 
YUMA  CO.:  Hwy.  95,  6.5  mi.  E on  MST  & T.  Rd.,  14-V- 
1980  on  E.  inflatum,  all  (FMBC);  NEVADA:  CHURCHILL 
CO.:  Sand  Mt.,  T17N,  R32E,  2-VIII-1979,  ll-IX-1980  on 
E.  kearneyi  (NSDA);  CALIFORNIA:  SAN  BERNARDINO 
CO.:  Hwy.  1 5,  Zzyzx  turnoff,  23-VI- 1973  (GCWC);  1 2.4  mi. 
N Adelanto,  3-VI-1980,  on  E.  inflatum;  17  mi.  N Yucca 
Valley,  16-V- 1980,  emerged  from  £.  Morongo  Val- 

ley, 10- VII- 1965,  sweeping Hcac/a  greggii,  all  (FMBC);  JTNM, 
Lower  Covington  Flat,  8-VIII-1965  (CSLB);  Mentone 
(AMNH);  San  Bernardino,  13-VIII-1961  (FMNH);  S Hes- 
peria, mouth  of  Deep  Creek,  emerged  from  E.  elongatum 
(GHNC);  LOS  ANGELES  CO.:  3.2  km  S Pearblossum,  17- 
VII-196r(LACM);  Little  Rock  Creek,  29-VIII-1965  (CDAE); 
RIVERSIDE  CO.:  Banning,  2-VII-1952  (WFBC);  White- 
water,  19-VII-1958  (CSLB);  29-III-1981,  larvae  cut  from 
roots  of  E.  elongatum  (CLBC);  JTNM,  Pleasant  Valley,  sev- 
eral dates  (CSLB);  locally  common  on  E.  inflatum  at  lower 
elevations:  NW  end  of  Coachella  Valley,  from  North  Palm 
Springs  to  south  of  Palm  Desert  and  east  to  Painted  Canyon 
(near  Mecca),  various  dates.  May  to  July  (CLBC,  DSVC, 
GHNC,  GCWC);  Winchester,  30-VII-1970  (FTHC);  1 mi. 
NW  Winchester,  5-VIII-1971  on  E.  fasciculatum  and  Arte- 
misia californica  (SFVS);  San  Jacinto  River,  2 mi.  E Cranston 
Station,  22-VI- 1 968  on  E.  elongatum  (DSVC);  Hurkey  Creek 
PC.,  IO-VII-1973  (RLWE);  Pinyon  Flats,  several  dates 
(UCDC,  GHNC,  RLWE)  on  E.  fasciculatum:  Badlands,  Hwy. 
60,  W Beaumont,  IX- 1 980,  larva  cut  from  root  E.  elongatum 
(CLBC);  ORANGE  CO.:  18  mi.  E San  Juan  Capistrano,  29- 
VII- 1964  on  E.  fasciculatum  (GHNC);  SAN  DIEGO  CO.: 
Blair  Valley,  S Scissors  Crossing,  emerged  22-V-1979  from 
E.  inflatum  roots  collected  5-V-1979  (BKDC);  10  mi.  ECam- 
po,  20-VII-1968  (DSVC);  3 mi.  E Banner,  28-VII-1963,  20- 


VII- 1968  (DSVC);  Boulevard,  29-VII-1938  (FMNH);  Jac- 
umba,  3 and  5 mi.  E,  various  dates  in  July  (DSVC);  Jacumba, 
emerged  30-VI-1979  and  cut  from  root  8-VIII-1979  of  E. 
elongatum  {'Q¥S)Cy,  IMPERIAL  CO.:  Mountain  Springs,  30- 
VI- 1975  (RLWE);  emerged  lO-VI-1979  and  cut  from  pupa) 
cell  lO-VII-1979,  E.  inflatum  root  collected  19-V-1979 
(BKDC);  Coyote  Wells,  21 -VI- 1968  (DSVC);  7.9  and  9 mi. 
N All  American  Canal,  emerged  14-V  and  2-VI-1980;  2.6 
mi.  E Glamis,  emerged  21/28-V-1980,  all  from  E.  inflatum, 
all  (FMBC);  1 1 mi.  N Winterhaven,  3-VI-1980  on  E.  infla- 
tum (FMBC);  Olgibly  Rd.,  4-6  mi.  N 1-8,  various  dates,  V/ 
VI- 1978-1 982  (CLBC,  RHHC). 

HOSTS.  Adults  have  been  collected  from  foliage,  cut  from 
roots  or  emerged  from  E.  elongatum,  E.  fasciculatum,  E. 
kearneyi  Tidestr.,  and  E.  inflatum  Torr.  and  Frem.  (see  Nel- 
son and  Westcott,  1976).  Larvae  have  been  cut  from  roots  of 
E.  elongatum  and  E.  inflatum.  Barr  (1971)  states  that  the 
material  from  Utah  and  Idaho  is  associated  with  E.  micro- 
thecum  Nutt,  and  an  unidentified  species  of  Eriogonum.  The 
records  from  Artemisia  californica  and  Acacia  greggii  are 
incidental  adult  resting  collections. 

FLIGHT  PERIOD.  May  to  September. 

REMARKS.  Nanularia  brunneata  comes  nearest  to  N.  cu- 
preofusca  and  is,  in  fact,  hard  to  separate  from  non-irrides- 
cent  specimens  of  the  latter  species.  Nanularia  brunneata 
occupies  the  widest  variety  of  habitat  types  occurring  from 
the  low  desert  of  southeastern  California  and  adjacent  Ari- 
zona to  the  submontane  chaparral  biome  of  Pinyon  Flats, 
Santa  Rosa  Mts.,  California,  then  north  and  east  into  Great 
Basin  and  Upper  Sonoran  desert  habitats,  respectively,  in 
Nevada,  Utah,  Idaho,  and  Arizona. 

I suspect  that  N.  brunneata  will  be  found  in  northeastern 
Baja  California,  and  perhaps  also  in  northern  Sonora,  since 
several  of  its  recorded  hosts  occur  there  and  the  distribution 
is  almost  contiguous  with  the  border  in  several  places.  A 
specimen  labelled  OKLAHOMA:  Beaver,  1 6- VII-32  (FMNH) 
was  not  included  on  the  distribution  map  because  of  its 
doubtful  nature.  This  locality  is  approximately  700  miles  east 
and  slightly  north  from  the  next  closest  locality  in  eastern 
Arizona. 

Nanularia  alpina  Bellamy,  new  species 

Figures  22,  34,  37 

DIAGNOSIS.  Size,  7.5-1 1.5  mm  long  x 2. 2-3. 2 mm  wide; 
subcylindrical,  convex;  shining  aeneous  with  greenish  tinge; 
surface  moderately  coarsely  punctate. 

DESCRIPTION.  Holotype  male.  7.5  mm  long  x 2.2  mm 
wide.  Head.  Somewhat  flattened  between  eyes;  median 
depression  on  vertex,  widening  above  antennal  cavities;  sur- 
face very  coarsely,  irregularly  punctate,  clothed  with  semi- 
erect,  recurved  setae;  oblique  supra-antennal  ridges  strongly 
elevated  laterally,  with  short  diagonal  carinae  above;  clypeus 
shallowly  emarginate,  sides  obtuse.  Antennae.  Segment  3 al- 
most twice  as  long  as  2;  4-10  somewhat  flattened,  trans- 
versely rounded,  serrate;  4 slightly  longer  than  wide;  length 
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34 

Figure  34.  Namdaria  alpina.  new  species. 


subequal  to  width  in  segments  5-10;  11  oblong,  appendic- 
ulate. 

Pwnotiim.  Length  subequal  to  width,  widest  at  middle; 
anterior  margin  broadly  arcuate;  basal  margin  feebly  trisin- 
uate;  lateral  margins  arcuate,  constricted  slightly  before  acute 
basal  angles;  surface  moderately,  coarsely  punctate  on  disc, 
denser  laterally;  clothed  with  fine  recurved  setae;  disc  convex 
laterally,  somewhat  flattened  medially;  mediobasal  lobe  im- 
punctate  and  slightly  elevated  apically;  five  small  smooth 
callosities  arranged  as  follows;  two  anterior  on  disc  with  slight 
depression  between;  one  longitudinal  in  center;  two  basal, 
each  halfway  between  basal  angle  and  lobe.  Scutellum.  Trans- 
verse, glabrous. 

Elytra.  Wider  than  pronotum,  widest  at  humeri;  sides  sub- 
parallel to  apical  'A,  then  gradually  tapering  to  slightly  trun- 
cated, suturally  rounded  apices;  margins  serrulate  in  apical 
‘/s;  surface  punctation  dense  and  coarse  basally,  reduced  dis- 
cally  and  apically;  uniformly  clothed  with  recurved  setae; 
each  elytron  with  slight  longitudinal  depression  between  hu- 
merus and  internal  short  carina;  irregular  series  of  costae 
between  basal  carina  and  suture;  suture  slightly  elevated  and 
impunctate  around  scutellum. 

Underside.  Thoracic  sternites  clothed  with  long  semi-erect 
setae;  prostemum  coarsely,  meso-  and  metasterna  shallowly 
punctate;  prostemal  process  with  lateral  angles  acute;  ab- 
domen shallowly  punctate  with  short  recumbent  setae. 

Legs.  Punctate  with  recumbent  setae;  femora  slightly  en- 
larged medially;  tibiae  straight,  armed  apically  with  two  short 


spines;  posterior  tibiae  longer  than  tarsi;  first  segment  of 
posterior  tarsi  as  long  as  3 and  4 together,  shorter  than  5; 
claws  expanded  at  base. 

Genitalia.  As  in  Figure  22. 

FEMALE  PARATYPES.  8.0-11.5  mm  long  x 2. 5-3. 2 
mm  wide;  slightly  more  robust  than  male;  serrate  antennal 
segments  more  compact;  callosities  anterior  on  disc  of  prono- 
tum larger,  two  smaller  callosities  laterally;  abdomen  more 
steeply  declivous;  one  female  with  purplish  tinge  rather  than 
green. 

MATERIAL  EXAMINED.  Holotype  male  (LACM); 
CALIFORNIA:  LOS  ANGELES  CO.:  San  Gabriel  Mts., 
Throop  Peak  Trail  near  Dawson  Saddle  (Fig.  37),  8100  ft., 
28-VI-1975,  R.L.  Westcott,  in  root  of  Eriogonurn  kennedyi; 
2 female  paratypes  with  same  data  as  holotype,  except  on 
foliage  of  E.  kennedyi;  1 female  paratype  with  same  data, 
except  8-VII- 1 975.  Paratypes  deposited  in  RLWE  and  CLBC. 

ETYMOLOGY.  The  species  is  named  for  being  from  the 
highest  elevation  of  any  Nanularia  spp. 

HOST.  The  specimens  are  labelled  as  collected  from  Er- 
iogonwn  kennedyi  Porter  ex  Wats.;  however,  the  work  of 
Reveal  (1968)  suggests  that  based  on  the  altitude  of  the  type 
locality,  this  should  be  the  variety  alpigenum  M.  and  J. 

REMARKS.  Nanularia  alpina  is  separated  from  the  others 
by  a combination  of  its  smaller  size,  larger  punctation,  col- 
oration, and  distribution.  The  male  genitalia  resemble  those 
of  N.  cupreofusca,  which  occurs  widely  and  at  lower  eleva- 
tions in  the  San  Gabriel  Mountains. 

Nanularis  obrienoriim  Knull 

Figures  5,  8,  11,  15,  18,  23,  31,  36 

Nanularia  obrienorum  Knull,  1971 :242;  Nelson  et  ah,  1981: 

145. 

DIAGNOSIS.  Size,  7.0-1 5.0  mm  long  x 2. 0-5. 5 mm  wide; 
subcylindrical,  slightly  flattened  above,  convex  below;  shin- 
ing dark  cupreous  to  aeneous;  specimens  from  lower  eleva- 
tions generally  densely  covered  with  white  pulverulence. 

REDESCRIPTION.  Male.  7.0-11.7  mm  long  x 2.0-4. 1 
mm  wide.  Head.  Densely,  coarsely  punctate,  punctures  con- 
fluent along  eyes;  densely  clothed  with  white  pubescence; 
frons  depressed  between  eyes;  clypeus  emarginate,  margin 
obtuse  at  sides;  supra-antennal  carinae  strongly  elevated,  with 
obtuse  tooth  at  sides.  Antennae.  With  serrate  segments  brun- 
neous  laterally. 

Pronotum.  Wider  than  long,  widest  at  middle,  wider  at 
base  than  at  apex;  anterior  margin  broadly  arcuate;  basal 
margin  Insinuate;  sides  broadly  arcuate  apically,  sinuate  to- 
wards base;  lateral  margins  carinate  on  basal  'A;  surface  very 
coarsely  punctate,  more  so  than  on  head;  mediobasal  lobe 
much  less  punctate,  slightly  elevated  apically,  with  transverse 
depression  towards  disc;  entire  surface  sparsely  clothed  with 
recumbent  white  pubescence,  slightly  longer  laterally.  Scu- 
tellum. Transverse,  glabrous. 

Elytra.  Wider  than  pronotum,  widest  just  behind  humeri; 
sides  sinuate  to  about  middle,  then  broadly  rounded  to  trun- 
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cate  apices;  lateral  margin  finely  serrate  on  apical  ‘/2;  suture 
with  short  spine  at  apex;  disc  with  surface  irregularly  densely 
punctured,  with  feebly  indicated  irregular  costae;  punctation 
similar  to  head;  recumbent  white  setae  short,  longer  along 
suture. 

Underside.  Clothed  with  short  recumbent  setae,  longer  on 
pro-,  meso-,  and  metasterna;  prosternum  convex,  surface 
densely  coarsely  punctate,  punctures  of  rest  of  ventral  surface 
much  smaller,  except  for  last  abdominal  sternite,  which  is 
coarsely  punctate. 

Genitalia.  As  in  Figure  23. 

Female.  9.0-15.0  mm  long  x 3. 5-5. 5 mm  wide;  generally 
more  robust,  differs  from  male  with  the  antennae  slightly 
shorter  and  the  serrate  segments  more  compact  and  unicol- 
orous  and  the  abdominal  sternites  more  steeply  declivous. 

VARIATION.  The  population  from  the  type  locality  gen- 
erally has  the  largest  size  range,  darker  coloration,  and  a dense 
pulverulent  coating.  These  differences  may  be  allometric  and 
induced  by  the  very  robust  host  plant,  E.  nudum  var.  indic- 
tum (Jeps.)  Reveal.  Populations  from  Frazier  Park  and  Lebec 
use  a different  variety  of  E.  nudum,  var.  sa.xicola  Heller  and 
are  similar  in  size  range  and  color.  The  population  from 
Gorman  uses  E.  elongatum  and  differs  from  the  other  pop- 
ulations by  being  more  aeneous  and  having  the  punctation 
reduced  slightly.  Specimens  from  all  but  the  type  locality 
have  the  pulverulent  coating  reduced. 

TYPE  LOCALITY.  Holotype  male,  allotype  female,  and 
two  female  paratypes  (FMNH);  CALIFORNIA:  KERN  CO.: 
McKittrick,  7-VIII-1966,  L.  and  C.  O’Brien,  on  Atriplex 
polycarpa  (Torr.). 

DISTRIBUTION  (Fig.  36).  California:  Monterey,  Kern, 
and  Los  Angeles  counties. 

MATERIAL  EXAMINED.  CALIFORNIA:  MONTE- 
REY CO.:  1 2 mi.  SW  Parkfield,  29-VII- 1 983  (AJGC,  CLBC, 
GHNC,  RLWE);  KERN  CO.:  McKittrick  and  1 mi.  S,  var- 
ious dates  in  July  and  August,  on  E.  nudum  var.  indictum 
(CLBC,  RHHC,  RKVC,  DSVC,  GCWC);  Frazier  Park,  15- 
VII- 1972  (FTHC,  DSVC);  2 and  2.5  mi.  W Lebec,  various 
dates,  mid-July,  on  E.  nudum  var.  sa.xicola  (CLBC,  GCWC); 
LOS  ANGELES  CO.;  Gorman,  0.5,  5.0,  and  5.4  mi.  N,  var- 
ious dates,  mid-July,  on  E.  elongatum  (CLBC,  RHHC, 
DSVC);  Vincent,  24-VII- 1 947  (MCZC,  UCRC);  8 mi.  S Wil- 
low Springs,  5-VII1-1969  and  12  mi.  W Lancaster,  9-VIII- 
1969,  all  (GHNC). 

HOSTS.  Adults  have  been  collected  from  the  foliage  of 
E.  elongatum,  E.  nudum  var.  indictum,  and  var.  saxicola. 
The  variety  saxicola  is  used  since  that  is  the  name  recorded 
on  the  specimens,  but  Reveal  (1968)  synonymized  saxicola 
under  the  name  var.  pubiflonim  Benth. 

FLIGHT  PERIOD.  July  and  August. 

REMARKS.  Further  collecting  is  needed  to  determine  the 
entire  range  of  phenotypic  variation.  The  relationship  with 
N.  cupreofusca  and  possibly  partly  with  N.  californica  is  dis- 
cussed under  those  two  species.  Nanularia  obrienorum  comes 
closest  to  N.  monoensis,  new  species  as  I mentioned  previ- 
ously since  they  are  most  similar  with  regard  to  the  mor- 
phology of  the  male  genitalia,  but  their  respective  ranges  are 


35 

Figure  35.  Nanularia  monoensis,  new  species. 


widely  separated  and  there  is  no  overlap  in  choice  of  Eri- 
ogonum  hosts. 

Nanularia  monoensis  Bellamy,  new  species 

Figures  24,  35,  40 

DIAGNOSIS.  Size,  8.0-1 2.5  mm  long  x 2. 2-4. 3 mm  wide; 
subcylindrical,  slightly  flattened  above,  convex  below;  shin- 
ing black  with  slight  purplish  or  bluish  reflection;  fresh  spec- 
imens with  moderate  coating  of  white  pulverulence. 

DESCRIPTION.  Holotype  male.  10.5  mm  long  x 3.2  mm 
wide.  Head.  Coarsely,  irregularly  punctate  with  erect  re- 
curved setae;  frons  somewhat  flattened  between  eyes,  trans- 
versely depressed  above  supra-antennal  carinae;  carinae 
strongly  elevated  to  rounded  median  point;  clypeus  broadly 
triangularly  emarginate,  margin  strongly  flattened  along 
emargination,  sides  obtuse.  Antennae.  With  segment  3 slight- 
ly more  than  twice  as  long  as  2;  segments  4-10  slightly  flat- 
tened, transversely  rounded,  serrate;  4 longer  than  wide;  5 
as  long  as  wide;  6-10  with  length  subequal  to  width;  11 
appendiculate. 

Pronotum.  1 .5  x as  wide  as  long,  widest  at  middle;  anterior 
margin  feebly  sinuate;  base  feebly  trisinuate;  lateral  margins 
rounded  in  front,  suparallel  from  middle  to  base,  carinate  on 
basal  '/»;  basal  angles  acute;  disc  laterally  convex,  medially 


Contributions  in  Science,  Number  387 


Bellamy:  Nanularia  and  Ampheremus  13 


Figure  36.  Distribution  of  N.  californica  (circles),  N.  obrienorum  (squares),  and  N.  monoensis  (triangles). 


strongly  depressed  from  before  middle  to  slightly  before  me- 
diobasal lobe;  two  small  callosities  laterally  in  front  of  discal 
depression,  one  on  either  side;  surface  coarsely,  densely  punc- 
tate, moderately  clothed  with  recurved  setae.  Scutellum.  Tri- 
angular, widest  anteriorly,  glabrous. 

Elytra.  Slightly  wider  than  pronotum,  widest  at  humeri; 
sides  subparallel  to  apical  ‘A,  then  narrowing  to  slightly  trun- 
cated apices,  margin  slightly  serrulate;  surface  densely  punc- 


tate discally,  sparsely  at  sides;  clothed  with  short  recumbent 
setae;  disc  vaguely  striate. 

Underside.  Prostemum  coarsely  punctate,  anterior  areas 
between  punctures  slightly  elevated,  callose;  process  with  lat- 
eral angles  acute;  meso-  and  metasterna  and  abdomen  sparse- 
ly shallowly  punctate,  whole  surface  clothed  with  long  re- 
cumbent setae;  last  stemite  with  apex  rounded. 

Legs.  Sparsely  punctate,  clothed  with  long  setae;  pro-  and 
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Figure  37.  Distribution  of  N.  brunneata  (black  circles),  N.  cupreofusca  (open  circles),  and  N.  alpina  (triangle). 


mesofemora  slightly  fusiform,  metafemora  with  sides  par- 
allel; pro-  and  mesotibiae  straight,  armed  with  two  short 
apical  spines;  metatibiae  slightly  arcuate,  longer  than  tarsi; 
metatarsi  with  segment  1 slightly  shorter  than  3 and  4 to- 
gether, subequal  to  5;  claws  slightly  expanded  at  base. 

Genitalia.  As  in  Figure  24. 

MALE  VARIATION.  The  male  paratypes  vary  from  8.0- 
12.0  mm  long  x 2. 2-4.0  mm  wide;  the  degree  and  density 


of  pronotal  punctation  vary  slightly  and  the  coloration  ranges 
from  a purplish  to  bluish  reflected  tinge. 

FEMALE  VARIATION.  The  female  paratypes  vary  from 
9.5-12.5  mm  long  x 3. 0-4. 3 mm  wide;  and  differ  from  males 
as  follows:  antennal  segments  more  compact;  lateral  punctate 
areas  of  pronotum  slightly  more  callous  and  abdomen  slightly 
more  declivous. 

MATERIAL  EXAMINED.  Holotype,  male  (LACM): 
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CALIFORNIA:  MONO  CO.  (Fig.  36):  6. 5-7.0  mi.  NW  Ben- 
ton Hot  Springs,  2000  m,  7-VIII-1979  on  E.  k.  kearneyi, 
R.  L.  Westcott;  56  male,  45  female  paratypes  as  follows:  4 
male,  2 female,  same  data  as  holotype;  1 male,  same  data 
except,  emerged  VIII- 1980  from  roots  collected  at  the  type 
locality,  7-VIII-1979;  2 male,  3 female,  6. 5-7. 5 mi.  NW 
Benton  Hot  Springs,  6700  ft.,  15/16-VIII-1979;  1 female,  4.3 
mi.  W Calif /Nev.  line,  Hwy.  167,  1 7-VIII-1979,  all  CLB; 
14  male,  7 female,  6.5  mi.  NW  Benton  Hot  Springs,  2000 
m,  3-VIII-1980,  R.L.  Westcott;  25  male,  21  female,  6.5  mi. 
W Benton,  Hwy.  120,  30/31 -VII- 1981,  G.H.  and  J.M.  Nel- 
son, G.C.  Walters,  on  E.  kearneyi  var.  monoensis;  1 male,  4 
mi.  W Nevada  border,  Hwy.  167,  7-VIII-198 1,  R.K.  Velten; 
6 male,  8 female,  0. 2-1.0  mi.  W Benton  Hot  Springs,  Hwy. 
120,  8-VIII-1981,  CLB  and  R.K.  Velten;  3 male,  3 female, 
T3N,  R28E,  6700  ft.,  8-VIII- 1969, 0.  Shields  (LACM).  Para- 
types are  deposited  in  ACAS,  WFBC,  CLBC,  LACM,  GHNC, 
MTCJ,  RKVC,  DSVC,  GCWC,  GAWC,  RLWE,  and  USNM. 

ETYMIOLOGY.  The  name  is  derived  from  Mono  Co., 
California,  the  only  area  from  which  the  species  is  currently 
known. 

HOSTS.  All  specimens  were  collected  or  emerged  from 
E.  k.  var.  kearneyi  Tidestr.  and  var.  monoensis  (S.  Stokes) 
Reveal.  According  to  Reveal  (1968),  the  variety  kearneyi  is 
known  only  from  the  northeast  shore  of  Mono  Lake,  whereas 
monoensis  is  the  common  variety  in  the  Mono  Basin. 

REMARKS.  Nanularia  monoensis  comes  nearest  to  N. 
obrienorum  and  can  be  separated  by  differences  in  color, 
sculpture,  shape  of  the  male  genitalia,  and  by  their  disjunct 
ranges  and  host  plants. 

Nanularia  pygmaea  (Knull) 

Figure  32,  del.  from  transparency  of  holotype 

Hippomelas  pygmaea  Knull,  1941;386. 

Nanularia  (Nanularia)  pygmaea:  Nelson,  1980:93. 

DIAGNOSIS.  Size,  8.0  mm  long  x 3.0  mm  wide;  robust, 
subcylindrical,  somewhat  flattened  above,  more  convex  be- 
low; entirely  cupreous  and  coarsely  punctate. 

REDESCRIPTION  (from  holotype  and  modified  from 
Knull,  1941:386).  Female.  Head.  Convex;  surface  rugose,  a 
smooth  callosity  on  front,  pubescence  inconspicuous.  Anten- 
nae. Short,  not  reaching  middle  of  pronotum  when  laid  along 
side  margin;  segment  1 stout;  segment  2 much  shorter;  seg- 
ment 3 as  long  as  segment  1;  segment  4 shorter  than  3; 
segments  5-1 1 decreasing  in  length  to  1 1 with  4-1 1 serrate. 

Pronotum.  Wider  than  long,  widest  basally,  constricted  at 
apex;  sides  broadly  rounded  in  front,  parallel  on  basal  %; 
anterior  margin  nearly  straight;  basal  margin  trisinuate  with 
median  lobe  broad;  disc  convex,  a transverse  depression  in 
front  of  scutellum,  a smooth  callosity  on  each  side  of  anterior 
'h\  lateral  carinae  present  on  basal  Vi  only;  surface  very  coarse- 
ly, irregularly  punctate,  pubescence  absent.  Scutellum.  Small, 
triangular,  longitudinally  depressed  in  middle. 

Elytra.  Wider  than  pronotum,  widest  at  apical  'A  (although 
not  indicated  in  Fig.  32);  sides  rounded  in  front,  constricted 
about  middle,  broadly  rounded  posteriorly  to  separately 
rounded  apices,  margins  serrate  on  apical  'A;  disc  convex; 


basal  depression  on  each  elytron  near  humeral  angle;  surface 
striate,  punctures  of  intervals  large,  smaller  than  those  of 
pronotum,  irregularly  placed,  pubescence  absent. 

Underside.  Abdomen  beneath  finely  densely  punctate,  pu- 
bescent; prosternal  process  slightly  acute  laterally;  last  ab- 
dominal sternite  rounded  at  apex;  surface  rugose. 

TYPE  LOCALITY.  Holotype,  female  (FMNH);  TEXAS: 
Val  Verde  Co.,  28-VI-1940,  D.J.  and  J.N.  Knull. 

DISTRIBUTION.  Known  only  from  the  type  locality. 

REMARKS.  The  very  disjunct  locality,  differences  in  the 
morphology,  and  lack  of  certain  host  plant  knowledge  make 
the  placement  of  this  species  in  Nanularia  questionable.  While 
it  is  undoubtedly  closer  to  Nanularia  than  to  Hippomelas 
(Gyascutus),  from  which  it  was  transferred  by  Nelson  (1980), 
further  study  and  material  are  needed  to  determine  its  proper 
placement.  Unfortunately,  this  species  is  known  only  from 
the  unique  female  holotype.  The  vague  and  secretive  locality 
data  recorded  on  the  label  make  the  search  for  additional 
material  particularly  difficult.  Independent  efforts  by  myself 
and  G.H.  Nelson  during  1982  and  1983  in  Val  Verde  Co., 
failed  to  yield  additional  specimens.  However,  a single  larva, 
suspected  to  be  this  species,  was  collected  by  R.L.  Westcott 
and  W.F.  Barr  with  the  following  information:  TEXAS:  Val 
Verde  Co.,  Hwy.  90  at  Pecos  River  crossing,  14-VII-1984, 
ex  root  crown  of  Coldenia  canescens  DC.  (Boraginaceae).  The 
larva  compares  favorably  to  N.  californica  and  C.  canescens 
has  a similar  growth  habit  to  that  of  many  species  of  Eri- 
ogonum  (R.L.  Westcott,  in  Hit.). 

Genus  Ampheremus  Fall 

Ampheremus  Fall,  1917:68;  Leng,  1920:179;  Chamberlin, 

1926:87;  Obenberger,  1930:422. 

Hippomelas  (Nanularia)  (part):  Van  Dyke,  1 942: 1 1 2;  Nelson 

and  Barr,  1960:178;  Arnett,  1971:486. 

Nanularia  (Ampheremus):  Barr,  1970:3;  Knull,  1970:264; 

Nelson  et  al.,  1981:145;  Nelson,  1981;445. 

TYPE  SPECIES  (by  original  monotypy).  Ampheremus  cy- 
lindricollis¥dL\\,  1917:69. 

DIAGNOSIS.  Small,  length  generally  less  than  9.0  mm; 
elongate,  subcylindrical,  slightly  flattened  above  and  below; 
surface  finely  punctured  and  moderately  pubescent. 

REDESCRIPTION  (modified  from  Fall,  1917:68).  Body 
narrow,  subcylindrical,  mentum  very  strongly  transverse,  ar- 
cuately  emarginate  anteriorly;  labrum  short,  bilobed;  clypeus 
broadly  sinuate;  antennal  cavities  rather  large,  separated  by 
slightly  more  than  ‘A  the  total  width  between  the  eyes,  upper 
margins  oblique  and  slightly  reflexed;  eyes  moderate,  their 
inner  margins  nearly  parallel;  antennae  short,  rather  thick, 
serrate  from  4th  segment,  these  densely,  finely  punctate  and 
opaque  inferiorly,  sensory  pores  diffuse  on  both  surfaces. 

Pronotum  cylindrical,  not  margined  at  sides  except  for  a 
very  short  distance  before  basal  angles;  base  with  a short, 
broad,  sinuate,  feebly  reflexed  lobe.  Scutellum  very  short, 
broad,  anterior  margin  broadly  arcuate. 

Elytra  narrow,  parallel,  a little  wider  than  the  pronotum, 
lateral  margins  not  serrulate. 

Prosternum  (Fig.  14)  broadly  convex,  more  strongly  so 
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between  coxae,  basally  truncate,  process  slightly  dilated  be- 
hind procoxae,  then  gradually  pointed;  procoxae  separated 
by  about  their  own  widths;  middle  coxae  slightly  more  dis- 
tant; metepisterna  moderately  wide,  about  2.5  x long  as  wide; 
metacoxal  plates  scarsely  dilated  internally,  posterior  margin 
concave,  slightly  oblique. 

Abdominal  sternites  (Fig.  14)  2-4  equal  in  length,  first 
conspicuously  and  fifth  slightly  longer,  sutures  straight,  the 
first  finely  but  distinctly  impressed. 

Legs  moderate,  tarsi  subequal  in  length  to  the  tibiae,  basal 
joint  distinctly  longer  than  the  second,  segments  1-4  lobed 
beneath;  claws  simple. 

Metathoracic  wing  (Fig.  3)  membranous;  subcosta  fused 
with  radius  at  basal  ‘A;  radial  cell  narrow,  elongate;  radial 
sector  distant  from  medial  vein;  radio-medial  cross- vein  ab- 
sent; anal  veins  vaguely  indicated;  IstA  free;  cubito-anal  vein 
incomplete;  “wedge  cell”  2d-2dA  closed. 

Genitalia.  Male,  as  in  Figure  25;  female  ovipositor,  as  in 
Figure  27. 

Ampheremus  cylindricoUis  Fall 

Figures  3,  6,  9,  12,  14,  25,  27,  33,  38,  39 

Ampheremus  cylindricoUis  Fall,  1917:69;  Leng,  1920:179; 

Chamberlin,  1926:87;  Obenberger,  1930:422. 


Hippomelas  (Nanularia)  inyoensis  Van  Dyke,  1 942: 1 1 2;  Nel- 
son and  Barr,  1960:178. 

Hippomelas  (Nanularia)  cylindricoUis:  Nelson  and  Barr,  1 960: 
178. 

Nanularia  (Ampheremus)  cylindricoUis:  Barr,  1970:3;  Knull, 
1970:264;  Nelson  et  al.,  1981:145;  Nelson,  1981:445. 

DIAGNOSIS.  Size,  5. 0-9.0  mm  long  x 1.0-2. 5 mm  wide; 
elongate,  subcylindrical,  slightly  flattened  above  and  below; 
surface  finely  punctured  and  moderately  pubescent  with  fine 
whitish  setae,  which  are  recumbent  on  the  elytra  and  slightly 
longer  and  more  erect  on  the  head  and  pronotum;  head, 
pronotum,  and  underside  dull  metallic  green;  elytra  either 
same  color  or  reddish  purple. 

REDESCRIPTION  (modified  from  Fall,  1917:69).  Male. 
5.0-6. 5 mm  long  x 1. 0-2.0  mm  wide.  Head  (Fig.  6).  Sub- 
equal in  width  to  apical  width  of  pronotum;  frons  convex, 
densely  punctate,  with  two  very  small  tuberculiform  prom- 
inences at  middle,  with  slight  impression  between.  Antennae 
(Fig.  9).  Equal  in  length  to  pronotum  and  attaining  the  middle 
of  the  latter;  segments  1 and  3 moderately  elongate;  2 and  4 
shorter;  4 triangular,  as  long  as  wide;  5-1 1 transverse,  their 
lower  edges  feebly  then  rapidly  oblique  to  base. 

Pronotum.  Cylindrical,  length  subequal  to  width,  widest 
near  middle;  sides  sinuate  from  base  to  middle,  then  nar- 
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Figure  39.  Ampheremiis  cylindricollis  on  stem  of  Eriogonum  in- 
flatum  near  Lone  Pine,  California. 


rowing  to  apex;  disc  slightly  more  strongly  convex  antero- 
medially,  with  short  ante-median  impression;  surface  nearly 
evenly  punctate,  punctures  separated  by  their  own,  or  slightly 
greater,  diameters,  interstices  polished;  hind  angles  not  car- 
inate. 

Elytra.  Slightly  wider  than  pronotum;  parallel  to  apical  '/a; 
apex  (Fig.  1 2)  obtusely  rounded  or  subtruncate;  surface  rather 
densely  punctate,  vaguely  and  finely  striate;  punctures  of  the 
intervals  similar  to  and  much  confused  with  those  of  the 
striae. 

Underside.  Rather  closely  punctate  and  finely  pubescent, 
punctures  coarser  at  middle  of  prosternum,  somewhat  denser 
at  sides  of  body;  posterior  margins  of  ventral  segments  2 to 
5 smooth  at  middle;  last  segment  subtruncate  apically. 

Genitalia.  As  in  Figure  25. 

Female.  6. 9-9.0  mm  long  x 1 .9-2.5  mm  wide;  differ  from 
the  males  by  being  generally  larger;  slightly  more  robust  and 
by  having  the  abdomen  more  steeply  declivous. 

VARIATION.  Some  specimens  of  both  sexes  have  the 
elytra  concolorous  with  the  head  and  pronotum. 

TYPE  LOCALITY.  Of  A.  cylindricollis,  male  (MCZC); 
CALIFORNIA;  Riverside  Co.,  Palm  Springs,  J.O.  Martin 
(sex  previously  undetermined);  of//.  {N.)  inyoensis,  female 
(CASC,  No.  484 1 );  Inyo  Co.,  near  Lone  Pine,  E.C.  Van  Dyke. 

DISTRIBUTION  (Fig.  38).  Utah,  Nevada,  California,  Ar- 
izona, and  New  Mexico. 

MATERIAL  EXAMINED.  UTAH;  WASHINGTON 
CO.;  Ivins,  8-VI-1968  (EMUS)  (new  state  record);  NEVA- 
DA; MINERAL  CO.;  Candelaria,  Pickhandle  Gulch,  23-VI- 
1952;  4 mi.  S Belleville,  2-VII-1952,  all  (CASC);  CALIFOR- 
NIA; INYO  CO.;  many  localities,  many  dates  in  late  May 
through  June,  from  N of  Bishop,  south  through  Owens  Val- 
ley, on  E.  inflatum  (many  collections);  KERN  CO.;  3.5  mi. 
N Ricardo,  1 -VI- 1960;  Randsburg,  30-V-1960,  all  (DSVC); 
SAN  BERDARDINO  CO.;  3 mi.  S Halloran,  12-V-1974 
(DSVC);  Afton  Canyon,  23  mi.  SW  Baker,  25-1 V- 1977  (CISC); 
Manix,  25-V-1953,  on  E.  inflatum  (UCRC);  29  Palms,  24- 
IV- 1949  (LACM);  RIVERSIDE  CO.;  Sky  Valley,  1 mi.  W 
1000  Palms  Canyon  Rd./Dillon  Rd.,  ll-IV-1970  (DSVC); 
19.4  mi.  W Desert  Center,  4-VI-1966,  on  E.  trichopes 
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Figure  40.  Namdaria  monoensis  feeding  on  stem  of  Eriogonum 
kearneyi  at  type  locality. 


(UCRC);  SAN  DIEGO  CO.;  Borrego  Valley  Dunes,  18-IV- 
1957  (CASC,  UCDC);  ARIZONA;  MOHAVE  CO.;  Little- 
field, 30-IV-1982  (EMUS);  YUMA  CO.;  foothills,  E Yuma, 
emerged  20-V/2-VI-1980,  from  Eriogonum  sp.  (FMBC); 
PIMA  CO.;  Ajo,  26-IV-1935  (FMNH);  Tucson,  30-IV-1936 
(CASC);  NEW  MEXICO;  HIDALGO  CO.;  2 mi.  N Rodeo 
(specimens  labelled  Chiricahua  Mts.),  27-VI-1949,  on  flow- 
ers of  Eriogonum  sp.  (FMNH);  Antelope  Corral,  4040  ft.,  6 
mi.  N Rodeo,  31°55-56'N,  109°00-01'W,  4-VI-1983  (CHAH, 
CLBC);  Lordsburg,  23-VI-1949  (FMNH). 

HOSTS.  Adults  have  been  collected  from  E.  inflatum 
throughout  their  range  (Fig.  39),  with  additional  collections 
from  E.  trichopes  and  spp. 

FLIGHT  PERIOD.  April  to  June;  with  the  adults  active 
earlier  in  the  more  southerly  portion  of  their  range. 

REMARKS.  Van  Dyke  seemingly  ignored  Fall’s  descrip- 
tion when  he  described  H.  {N.)  inyoensis;  it  is  unlikely  that 
he  ever  saw  the  type  but  considering  Fall’s  comment  relating 
Ampheremiis  to  Namdaria,  the  oversight  is  still  curious. 

BIOLOGY  OF  NANULARIA  AND  AMPHEREMUS 

Knull  (1970)  reported  adults  of  Ampheremus  on  the  flowers 
of  Eriogonum  sp.  Adults  of  N.  monoensis  were  found  feeding 
on  the  stem  tissue  of  E.  kearneyi  (Fig.  40). 

Larvae  for  most  species  were  collected  from  their  hosts. 
Extensive  notes  by  R.L.  Westcott  {in  litt.)  indicate  that  the 
females  of  N.  californica  apparently  oviposit  at  ground  level 
or  below  the  surface  in  the  root  crown.  The  larvae  burrow 
extensively  throughout  the  woody  portions  of  the  root.  Emer- 
gence holes  were  always  found  below  the  surface. 

The  life  cycle  apparently  involves  several  years,  since  fully 
mature  larvae  were  collected  from  roots  of  E.  kearneyi  con- 
currently with  adults  on  the  foliage.  However,  it  is  possible 
that  the  pupal  phase  is  short  and  emergence  could  take  place 
in  the  same  year. 

Newly  emerged  adults  of  several  species  of  Namdaria  are 
often  covered  with  a waxy  pulverulence,  which  is  thought  to 
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be  a waste  product  and  may  inhibit  desiccation.  This  pul- 
verulent coating  may  also  afford  cryptic  coloration  since  the 
growing  stems  of  many  Eriogonum  spp.  are  pubescent  or 
glaucous.  Species  of  other  buprestid  genera,  such  as  Hippo- 
melas  and  Chn^sobothris,  often  have  a similar  covering.  Those 
species  or  populations  of  Nanularia  from  the  most  arid  areas 
are  the  most  heavily  coated  with  this  waxy  covering.  The 
species  that  are  most  often  collected  with  a pulverulent  coat 
are  N.  brunneata,  N.  monoensis,  and  TV.  obrienomm. 

BEHAVIOR  OF  NANULARIA 

The  adults  of  Nanularia  are  most  active  during  the  warmest 
period  of  the  day.  They  are  very  alert  and  quick  to  fly  when 
approached,  but  will  often  circle  the  stem  they  are  resting  on 
before  flying.  Males  were  observed  to  be  more  active,  since 
more  were  collected  in  flight.  The  females  generally  sit  to- 
wards the  outer  portion  of  the  stems.  Mating  was  not  ob- 
served except  for  a single  occurrence;  no  courtship  or  mating 
behavior  is  known  or  was  observed. 

The  adults  spend  the  cooler  parts  of  the  day  and  overnight 
at  the  base  of  the  stems  and  can  be  observed  moving  up  or 
down,  depending  on  the  time  of  day  and  air  temperature. 
R.L.  Westcott  (in  Hit.)  writes  of  the  collection  of  a large  series 
of  TV.  californica  during  a thunderstorm  by  sweeping  in  the 
late  afternoon,  with  the  beetles  apparently  not  induced  to 
“take  cover”  (move  to  the  base  of  the  plant)  on  an  otherwise 
hot  day. 

SUMMARY  AND  CONCLUSIONS 

The  species  of  Nanularia  are  in  the  midst  of  a period  of  high 
evolutionary  flux.  Ampheremus  is  sufficiently  distinct  mor- 
phologically to  infer  that  considerable  time  has  passed  since 
the  divergence  of  these  taxa. 

As  stated  in  the  introduction,  I believe  that  the  use  of  a 
diversity  of  Eriogonum  species  and  varieties  as  hosts  during 
a more  mesic  climatic  phase  than  at  present  was  the  initial 
vicariant  event  in  the  speciation  of  Nanularia.  As  the  climate 
shifted  to  a more  xeric  condition,  the  range  or  distribution 
of  the  various  Eriogonum  spp.  decreased  and  isolated  the 
populations.  Restrictions  of  the  various  gene  pools  and  the 
specific  chemistry  of  the  hosts  initially  produced  different 
genotypes  and  thus  subsequent  phenotypic  differentiation.  In 
addition  to  the  host  biochemistry,  there  is  evidence  to  suggest 
that  the  size  of  the  host  plant  itself  and,  hence  the  size  of  the 
root  crown,  yields  populations  with  size  range  (allometric) 
differences.  As  an  example,  the  specimens  of  TV.  obrienomm 
from  the  type  locality  use  the  more  robust  variety  of  E. 
nudum,  var.  indicium,  and  this  population  has  the  largest 
average  size  of  any  of  the  four  phenotypes  of  this  species. 
R.L.  Westcott  (in  Hit.)  has  observed  this  same  phenomenon 
in  species  of  Chrysobothris  that  utilize  E.  composilum  in 
Oregon.  A similar  size  range  difference  is  noted  in  species 
that  occur  over  a variety  of  elevations,  with  the  size  generally 
smaller  at  higher  elevations.  Interestingly  though,  an  ex- 
pected similar  relationship  was  not  found  with  TV.  brunneata 
which  has  the  largest  latitudinal  range.  Many  biological  gra- 


dients show  similar  patterns  in  elevation  and  latitude  shifts, 
but  the  populations  of  TV.  brunneata  from  southern  California 
and  Utah  appear  to  have  a very  similar  size  range. 
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Gisortia  clarki  Ingram,  1940  35 

Family  Naticidae 

Cro?7imium  pinyo?iensis  (Dickerson,  1914) 35 

Eocernina  hantiibali  (Dickerson,  1914) 36 

Pachycrotnniiuiu  clarki  (Stewart,  1927) 36 

Aniaurellina  caleocia  Yokes,  1939  37 

Polinices  (Euspira)  nuciforniis  (Gahh,  1864)  37 

Neverita  (Neverita)  globosa  Gahh,  1869  37 

Simim  obliquum  (Gahh,  1864)  39 

Family  Cassidae 

Galeodea  (Gomphopages)  tneganosensis  Yokes,  1939  39 

Phaliiim  (Semicassis)  tuberciilifornds  (Hanna,  1924) 40 

Family  Ranellidae 

Sassia  bilineata  (Dickerson,  1916) 40 

Family  Ficidae 

Eicopsis  remondii  crescentensis  Weaver  and  Palmer,  1922  41 

Order  Neogastropoda 
Family  Fasciolariidae 

Clavilithes  tabidatus  (Dickerson,  1913) 41 

Streptochetus  californiana  new  species 41 

Family  Olividae 

Pseudoliva  dillen  Dickerson,  1914 42 

St repsidura  ficus  (Gahh,  1864) 42 

Ancilla  gabbi  Cossmann,  1899  43 

Olivella  mathewsonii  Gabb,  1864  43 

Family  Volutomitridae 

Proximitral  cretacea  Gabb,  1864  43 

Family  Tudiclidae 

Pseudoperissolax  blakei  praeblakei  Yokes,  1939  45 

Family  Volutidae 

Cryptochorda  (Cryptochorda)  californica  (Cooper,  1894) 45 

Athleta  roddai  new  species 46 

Lyria  audersoni  YJaring,  1917 47 

Lyrischapa  lajollaensis  (Hanna,  1927) 47 

Family  Turridae 

Eusitiirricida  (Crenatiirricida)  crenatospira  (Cooper,  1894) 47 

Surculites  mathewsonii  (Gabb,  1864) 48 

Apiotoma  californiana  new  species 48 

Pleurofusia  fresnoensis  (\rno\d,  1910) 49 

Eopleurotoma  whitakerpeakensis  new  species 49 

Cryptoconus  cooperi  (Dickerson,  1916) 50 

Family  Conidae 

Conus  caleocius  Yokes,  1939  50 

Conus  remondii  Gahh,  1864  51 

Conus  hornii  piruensis  new  subspecies 51 

Order  Cephalaspidea 
Family  Cylichnidae 

Cylichnina  tantilla  (Anderson  and  Hanna,  1925) 53 

Scaphander  (Mirascapha)  costatus  (Gahh,  1864) 53 

Family  Pyramidellidae 

'IPyramidella  preblei  Hanna,  1927  54 


IV 


Class  Bivalvia 
Order  Nuculoida 
Family  Nuculidae 

Acila  {Truncacila)  decisa  (Conrad,  1855)  54 

Family  Nuculanidae 

Hilgardial  parkei  (Anderson  and  Hanna,  1925) 54 

Order  Arcoida 
Family  Arcidae 

Barbatia  (Barbatia)  cf.  B.  (B.)  morsei  Gabb,  1864  55 

Barbatia  (CucuUaearca)  cUffensis  Hanna,  1927  55 

Family  Glycymerididae 

Glycymeris  (Giycymeris)  rosecanyonensis  Hanna,  1927  55 

Glycymeris  (Glycmerita)  sagittata  (Gabb,  1864) 56 

Order  Mytiloida 
Family  Mytilidae 

Brachidontes  (Brachidontes)  cowlitzensis  (Weaver  and  Palmer,  1922)  ....  56 

Septifer  (Septifer)  cf.  S.  (S.)  elegans  Waring,  1917 56 

Order  Pterioida 

Family  Propeamussiidae 

Propeamussiidae,  indet 57 

Family  Plicatulidae 

Plicatula  jimcalensis  new  species  57 

Family  Ostreidae 

Ostrea  haleyi 'Hortl&in,  1933  58 

Ostrea  stewarti  Hanna,  1927  58 

Ostrea  cf  O.  stewarti  Hanna,  1927  59 

Order  Veneroida 
Family  Lucinidae 

M/Mc /jacfo' (Dickerson,  1916) 59 

Claibornites  diegoensis  (Dickerson,  1916) 61 

Family  Fimbriidae 

Fimbria  new  species? 61 

Family  Chamidae 

Chama  piruensis  new  species 62 

Family  Carditidae 

Venericardia  (Pacificor)  hornii  lutmani  Turner,  1938 63 

Venericardia  (Pacificor)  aragonia  joaquinensis  (Yokes,  1939)  63 

Glyptoactis  (Glyptoactis)  domenginica  (Yokes,  1939) 63 

Glyptoactis  (Claibornicardia)  sandiegoensis  (Hanna,  1927) 64 

Family  Crassatellidae 

Crassatella  uvasana  Conrad,  1855  64 

Family  Cardiidae 

Acanthocardia  (Schedocardia)  brewerii  (Gabb,  1864) 65 

Nemocardium  linteum  (Conrad,  1855)  65 

Family  Mactridae 

Spisida  merriami  Packard,  1916 67 

Family  Solenidae 

Solena  (Eosolen)  novacularis  (Anderson  and  Hanna,  1928) 67 

Family  Tellinidae 

Tellina  (Macaliopsis)  new  species?  alf.  T.  (M.)  rosa  (Hanna,  1927) 68 

Family  Psammobiidae 

Gari  texta  Gahh,  1864  68 

Gari  new  species?  aff.  G.  eoundulata  Yokes,  1939  68 

Family  Veneridae 

Pitar  (Lamelliconcha)  joaquinensis  Yokes,  1939  68 

CalUsta  (Costacallista)  hornii  vokesi  new  subspecies 69 

Callista  (Macrocallista)  domenginica  Yokes,  1939  70 

Callocardia  (Nitidavenus)  tejonensis  (YJaring,  \9\A)  70 

V 


Order  Myoida 

Family  Corbulidae 

Corbula  {Caryocorbula)  dickersoni  Weaver  and  Palmer,  1922  70 

Corbula  (Caryocorbiila)  parilis  Gabb,  1864  71 

Corbula  (Varicorbula)  capayana  Yokes,  1939  71 

Family  Teredinidae 

Teredo?  sp 71 

Order  Pholadomyoida 
Family  Pholadomyidae 

Pholadoniya  (Bucardiomya)  givensi  Zinsmeister,  1978  71 

Phylum  Echinodermata 
Class  Stelleroidea 
Order  Indeterminate 

Ophiuroid 72 

Class  Echinoidea 
Order  Spatangoida 
Family  Schizasteridae 

Schizaster  cf.  S.  lecontei  Merriam,  1899  72 

LOCALITIES 72 
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EOCENE  MOLLUSCAN  PALEONTOLOGY  OE  THE  WHITAKER 
PEAK  AREA,  LOS  ANGELES  AND  VENTURA 
COUNTIES,  CALIFORNIA 

Richard  L.  Squires* 


ABSTRACT.  The  paleontology  and  stratigraphic  distribution  of  the 
macrofossils  in  the  early  through  early  middle  Eocene  age  (Ypresian 
and  lowermost  Lutetian)  strata  in  the  Whitaker  Peak  area,  lower 
Piru  Creek,  Los  Angeles  and  Ventura  counties,  southern  California, 
are  described  in  detail.  Ninety-nine  taxa,  mostly  molluscs,  are  re- 
corded from  70  localities. 

Illustrations,  synonymies,  primary  type  material  information.  West 
Coast  molluscan  “stage”  ranges,  geographic  distributions,  local  oc- 
currences, and  remarks  are  provided  for  the  taxa,  which  include  one 
colonial  coral,  one  calcareous  annelid  tube,  one  scaphopod,  56  gas- 
tropods, 38  bivalves,  one  ophiuroid,  and  one  spatangoid.  Eleven 
new  species  or  subspecies  are  described  and  named:  (gastropods) 
Hemitoma  (Montfortia)  cantonensis  new  species,  Monodonta  (In- 
cisilahiuml)  pimensis  new  species,  Benoistia  cantonensis  new  species, 
Streptochetiis  californiana  new  species,  Athleta  roddai  new  species, 
Apiotoma  californiana  new  species,  Eopleurotoma  whitakerpeak- 
e?isis  new  species.  Conus  hornii  piruensis  new  species,  (bivalves) 
PUcatula  juncalensis  new  species,  Chama  piruensis  new  species,  and 
Callista  (Costacallista)  hornii  vokesi  new  subspecies.  The  new  species 
of  Streptochetiis  is  the  first  record  of  this  genus  on  the  West  Coast. 
Athleta  roddai  new  species  and  A.  lawsoni  (Dickerson)  are  the  only 
records  of  this  genus  on  the  West  Coast.  The  new  species  of  Mon- 
odonta. Benoistia,  and  Chama  are  the  earliest  records  of  these  genera 
on  the  West  Coast.  Six  possible  new  species  of  the  following  genera 
also  are  discussed:  {coral)  Astrocoenia,  (gastropods)  Campanile,  Cre- 
pidula,  (bivalves)  Fimbria.  Tellina  (Macaliopsis),  and  Gari. 

The  strata,  which  have  received  little  previous  study,  include  a 
900-m-thick  siltstone  unit  overlain  by  a 790-m-thick  sandstone  unit. 
The  siltstone  unit  is  assigned  to  the  Juncal  Formation  and  the  sand- 
stone unit  is  tentatively  assigned  to  the  Matilija  Sandstone. 

The  Juncal  Formation  unconformably  overlies  the  pre-Tertiary 
Whitaker  Peak  granodiorite.  In  a vertical  sense,  half  of  the  Juncal 
Formation  is  a transgressive  sequence  that  was  coincident  in  time 
with  a major  global  sea-level  rise  (TE1.2).  The  sequence  grades  ver- 
tically upward  from  transgressive  lag,  to  nearshore  marine,  to  tran- 
sition-zone deposits.  There  are  scattered  lenses  of  channel-lag,  storm 
accumulations  of  warm-water,  shallow-marine  fossils  in  the  near- 
shore marine  and  lower  part  of  the  transition-zone  deposits.  Most 
of  the  fossils  have  undergone  only  a small  distance  of  postmortem 
transport  and  represent  indigenous  death  assemblages.  This  lower 
half  of  the  Juncal  Formation  contains  molluscs  indicative  of  the 
West  Coast  provincial  molluscan  “Capay  Stage”  (early  Eocene),  cal- 
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careous  nannofossils  indicative  of  CP9  through  CPI  1 zones  (early 
Eocene),  planktonic  foraminifera  indicative  of  P8  Zone  (early  Eocene), 
and  benthic  foraminifera  indicative  of  early  Eocene  time.  The  mol- 
luscan fauna  in  this  portion  of  the  Juncal  Formation  contains  many 
Old  World  Tethyan  orTethyan-affinity,  warm-water  faunal  elements 
(e.g..  Campanile.  Gisortia,  Velates  perversus.  Fimbria.  Clavilithes). 
Many,  including  most  of  the  new  species  described  in  this  report, 
show  close  morphological  affinities  with  Anglo-Paris  Basin  Eocene 
species.  Some  of  these  faunal  elements,  including  nearly  all  of  the 
genera  of  the  new  species  described  in  this  report,  immigrated  for 
the  first  time  into  Californian  waters  during  “Capay”  time.  This 
major  influx  coincided  with  the  TE 1 .2  global  sea-level  rise  and  pos- 
sibly the  warmest  time  of  the  Cenozoic.  The  dispersal  route  of  these 
Tethyan  forms  into  western  North  America  was  via  a seaway,  prob- 
ably in  the  southern  Central  American  region. 

The  upper  half  of  the  Juncal  Formation  and  overlying  Matilija 
Sandstone?  form  a regressive/progradational  sequence  that  was  coin- 
cident in  time  with  a major  global  sea-level  fall  (TE2.1).  The  se- 
quence consists  of  transition-zone  deposits  that  interfinger  laterally 
to  the  west  with  fan-delta  turbidites.  Fossils  are  sparse.  This  sequence 
is  continued  in  the  overlying  Matilija  Sandstone?  with  vertical  gra- 
dation from  delta-front,  to  tidal-flat,  to  braided-river  deposits.  Fos- 
sils are  sparse,  but  locally  there  are  channel-lag  storm  accumulations 
of  warm-water,  shallow-marine  molluscs  in  the  delta-front  deposits. 
This  regressive/progradational  sequence  contains  molluscs  indica- 
tive of  the  West  Coast  provincial  molluscan  “Domengine  Stage” 
(late  early  through  early  middle  Eocene).  One  new  subspecies  of 
gastropod  (Conus  hornii  piruensis)  was  found  in  the  Matilija  Sand- 
stone?. 

The  presence  of  several  of  the  molluscs  in  the  “Capay  Stage” 
portion  of  the  Juncal  Formation  extends  their  stage  ranges.  Deter- 
mination of  the  age  of  the  formation  in  this  area  also  allows,  for  the 
first  time,  detailed  correlations  with  other  West  Coast  Eocene  for- 
mations from  San  Diego,  California  to  southwestern  Oregon.  The 
Juncal  Formation  and  Matilija  Sandstone?  in  the  study  area  are 
strikingly  similar  in  stratigraphic  position,  lithology,  paleoenviron- 
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Figure  1.  Index  map  showing  the  study  area  in  the  Whitaker  Peak  area,  lower  Piru  Creek,  Los  Angeles  and  Ventura  counties,  southern 
California. 
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ments,  and  faunal  content  to  the  Turhlella  uvasana  infera  and  T. 
iivasaiia  applinae  deposits,  respectively,  in  the  Pine  Mountain  area, 
26  km  (16  mi.)  west  of  the  Whitaker  Peak  area. 

INTRODUCTION 

The  Eocene  strata  in  the  Whitaker  Peak  area,  lower  Pirn 
Creek  (Figs.  1 and  2),  are  fairly  well  exposed  and  locally  rich 
in  molluscan  fossils,  yet  the  strata  have  received  little  in  the 
way  of  detailed  geologic  studies.  Reasons  for  this  must  in- 
clude 1)  closure  of  the  area  during  fire  season,  2)  frequent 
closures  of  the  road  into  the  area  during  the  rainy  season,  3) 
remoteness  of  the  fossil-bearing  beds,  4)  steepness  of  the 
terrain,  5)  difficulty  in  getting  across  Piru  Creek  during  high- 
runoff  times,  and  6)  oppressive  heat  in  the  summertime. 
Effectively,  one  has  about  four  months  or  less  per  year  in 
which  to  conduct  fieldwork. 

During  the  past  1 1 years,  I have  been  able  to  accumulate 
nearly  60  days  of  fieldwork  involving  geologic  mapping,  strata 
descriptions,  and  fossil  collecting.  Although  the  main  em- 
phasis of  this  present  report  is  the  analysis  of  the  molluscan 
taxa,  the  nature  of  my  fieldwork  allowed  me  to  include,  based 
on  firsthand  experience,  the  geologic  mapping,  stratigraphy, 
depositional  environments,  and  biostratigraphy  of  the  strata. 
The  objectives  of  this  report  are  to  1)  tabulate  the  molluscs 
and  other  macrofossils,  2)  provide  synonymies  and  illustra- 
tions of  the  species,  3)  refine  the  taxonomy  of  certain  known 
species  and  describe  eight  new  gastropods  and  three  new 
bivalves,  4)  establish  the  local  molluscan  biostratigraphy,  5) 
determine  the  age  and  correlation  of  each  main  stratigraphic 
unit,  6)  interpret  the  paleoenvironments  and  biogeography 
of  the  macrofauna,  and  7)  refine  the  West  Coast  molluscan 
“Stage”  ranges  of  the  taxa. 

The  early  through  early  middle  Eocene  strata  in  the  study 
area  are  herein  assigned  to  the  Juncal  Formation  and  to  the 
overlying  Matilija  Sandstone?  (Figs.  3-5).  The  assignment  of 
the  lower  part  of  the  section  in  the  study  area  to  the  Juncal 
Formation  was  first  proposed  by  Squires  (1986)  and  Squires 
and  Yamashiro  (1986).  Tentative  assignment  of  the  upper 
part  of  the  section  to  the  Matilija  Sandstone?  is  proposed  in 
this  report  for  the  first  time.  Strata  crop  out  along  the  western 
and  southern  flanks  of  Whitaker  Peak.  Outcrops  are  well 
exposed  along  creek  beds  and  along  some  south-facing  slopes. 
Extensive  cover  can  occur  along  ridge  tops  and  north-facing 
slopes.  Best  exposures  are  in  Canton  Canyon  and  Piru  Creek. 

Macrofossils,  which  are  mostly  molluscs,  are  most  abun- 
dant near  the  basal  portions  of  both  the  Juncal  Formation 
and  Matilija  Sandstone?.  Preservation  is  usually  poor  to  fair. 

This  study  is  only  the  second  one  in  the  last  50  years  that 
involves  a detailed  analysis  of  an  early  Eocene  (“Capay  Stage”) 
macrofossil  assemblage  on  the  West  Coast.  The  macrofauna 
in  the  lower  part  of  the  Juncal  Formation  was  previously  not 
known  to  be  of  “Capay”  age.  Several  of  the  molluscs  are  new 
species  and  several  are  genera  that  previously  had  not  im- 
migrated into  the  West  Coast  region.  The  results  of  this  study 
solidly  reconfirm  that  there  was  a close  affinity  between  West 
Coast  early  Eocene  macrofossil  faunas  and  those  of  the  Old 
World  Tethyan  biogeographic  province,  in  general,  and  the 
Anglo-Paris  Basin  region,  in  particular. 


PREVIOUS  WORK 

There  is  little  published  or  unpublished  geologic  information 
on  the  Whitaker  Peak  area,  which  is  in  the  Piru  Mountains, 
a geomorphic  and  structural  area  named  by  Bailey  and  Jahns 
(1954).  Generalized  geologic  maps  can  be  found  in  Clements 
(1937),  Crowell  (1954),  Scott,  Ritter,  and  Knott  (1968),  the 
Eos  Angeles  Sheet  of  the  Geologic  Map  of  California  (Jen- 
nings and  Strand,  1969),  and  Dibblee  (1982). 

More  detailed  geologic  mapping  and  stratigraphic  work  in 
the  study  area  has  been  done  by  Kriz  ( 1 947),  Scanlin  (1958), 
Anderson  (1960),  Shepard  (1960),  and  Squires  (1977).  Re- 
connaissance petrologic  and/or  paleogeographic  work  can  be 
found  in  Sage  (1973)  and  Howell  (1974,  1975a,  1975b).  De- 
positional environment  studies  of  the  Juncal  Formation  can 
be  found  in  Squires  and  Yamashiro  (1986)  and  Yamashiro 
(1987).  Depositional  environment  studies  of  the  Matilija 
Sandstone?  can  be  found  in  Squires  (1977),  Yamashiro  and 
Squires  (1986),  and  Yamashiro  (1987). 

Early  workers  made  only  brief  mention  of  some  of  the 
molluscs  (Kriz,  1947;  Anderson,  1960;  Shepard,  1960)  or  of 
the  benthic  foraminifera  (Howell,  1974).  The  first  molluscan 
biostratigraphic  work  in  the  study  area  was  done  by  Squires 
(1976,  1977)  on  the  sandstone  unit,  assigned  to  the  Matilija 
Sandstone?  in  this  present  report.  Preliminary  findings  on 
the  fauna,  molluscan  biostratigraphy,  and  age  of  the  siltstone 
in  the  lower  part  of  the  Juncal  Formation  have  been  reported 
by  Squires  (1985,  1986)  and  Squires  and  Yamashiro  (1986). 


MACROFOSSILS 

Ninety-nine  taxa,  96  percent  of  which  are  molluscs,  were 
identified  from  the  Juncal  Formation  and  overlying  Matilija 
Sandstone?,  Whitaker  Peak  area.  Taxa  identified  to  species 
or  subspecies  include  one  colonial  coral,  one  calcareous  an- 
nelid tube,  one  scaphopod,  53  gastropods,  35  bivalves,  and 
one  spatangoid.  Three  gastropods  and  two  bivalves  are  iden- 
tified only  to  genus.  One  bivalve  could  only  be  identified  to 
the  family  level,  and  an  ophiuroid  could  only  be  identified 
to  the  order  level.  All  of  these  taxa  are  illustrated  in  Figures 
6 through  130.  Other  taxa,  too  poorly  preserved  for  even 
generic  determination,  are  a solitary  scleractinian  coral,  an 
encrusting  bryozoan,  brachyuran  fragments,  echinoid  frag- 
ments, a myliobatoid  tooth,  a leaf  fossil,  and  scattered  Tere- 
£/o?-bored  wood  fragments. 

The  identifications  of  the  species  and  subspecies  studied 
in  this  report  are  based  on  published  figures  and  descriptions 
and  selected  comparisons  with  type  specimens  and  non-type 
specimens  on  deposit  at  1)  Natural  History  Museum  of  Los 
Angeles  County,  2)  University  of  California,  Museum  of  Pa- 
leontology, Berkeley,  3)  University  of  California,  Museum 
of  Paleontology,  Riverside,  and  4)  California  State  Univer- 
sity, Northridge. 

Macrofossils  were  collected  at  70  localities  in  the  Whitaker 
Peak  area.  All  of  the  localities  are  described  in  the  “Locali- 
ties” section,  and  the  geographic  position  and  relative  strati- 
graphic position  of  each  one  is  shown  in  Figures  1 3 1 through 
135. 
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Figure  2.  Geologic  map  and  geologic  cross  section  of  the  Whitaker  Peak  area,  Los  Angeles  and  Ventura  counties,  southern  California. 
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Eleven  new  species  or  subspecies  were  found  in  the  course 
of  this  present  study. 

STRATIGRAPHIC  UNITS  AND 
DEPOSITIONAL  ENVIRONMENTS 

The  Eocene  section  in  the  Whitaker  Peak  area  consists  of  the 
Juncal  Formation,  a 900-m-thick  predominantly  siltstone 
unit  (=unit  E,  of  Squires,  1977);  and  the  overlying  Matilija 
Sandstone?,  a 790-m-thick  sandstone  unit  (=unit  Ej  of  Squires, 
1977).  The  section  unconformably  overlies  the  pre-Tertiary 
Whitaker  Peak  granodiorite  and  is  unconformably  overlain 
by  the  Eocene?/01igocene  nonmarine  Sespe  Formation  (Fig. 
2).  The  Eocene  section  underlies  the  Sespe  Formation  with 
a 15°  angular  unconformity  (Yamashiro  and  Squires,  1986). 
The  amount  of  pre-Sespe  erosion  increases  westwardly. 

Based  on  sedimentologic  and  lithologic  features,  compar- 
ative studies  of  modern  and  ancient  sedimentary  sequences, 
and  ecology  of  representative  genera  of  molluscs,  the  follow- 
ing deposits  have  been  recognized  in  this  Eocene  section: 
transgressive  lag,  nearshore  marine,  transition  zone  interfin- 
gering laterally  to  the  west  with  fan-delta  turbidites,  delta 
front,  tidal  flat,  and  braided  river  (Squires  and  Yamashiro, 
1986;  Yamashiro  and  Squires,  1 986;  Yamashiro,  1987).  Cor- 
relation of  the  Juncal  Formation  and  Matilija  Sandstone?  to 
these  various  deposits  is  shown  in  Figure  3.  In  a vertical 
sense,  most  of  the  Juncal  Formation  consists  of  a transgres- 
sive sequence  in  which  shallow-marine  deposits  are  overlain 
by  deeper,  offshore  marine  deposits  (Fig.  3).  Deposition  was 
coincident  with  a global  sea-level  rise  (TE1.2  cycle  of  Vail 
and  Hardenbol,  1979)  (Fig.  4).  The  upper  part  of  the  Juncal 
Formation  and  the  Matilija  Sandstone?  consist  of  a regres- 
sive/progradational  sequence  in  which  offshore  marine  de- 
posits are  overlain  by  shallower,  deltaic  deposits,  culminating 
in  nonmarine  deposits  (Fig.  3).  Deposition  was  coincident 
with  a global  sea-level  fall  (base  of  TE2.1  cycle  of  Vail  and 
Hardenbol,  1979)  (Fig.  4). 

Juncal  Formation.  The  thin  veneer  of  transgressive-lag  de- 
posits at  the  base  of  the  Juncal  Formation  is  usually  between 
1 and  4 m thick.  In  the  vicinity  of  CSUN  localities  812  and 
8 1 5 it  is  not  present,  and  in  the  vicinity  of  CSUN  localities 
827  and  853  it  is  8 m thick.  The  lag  is  unfossiliferous  and  is 
usually  pebble-to-boulder  conglomeratic  sandstone,  which 
consists  mostly  of  angular  to  poorly  rounded  pieces  of  the 
underlying  granodiorite  bedrock.  About  1.6  km  (1  mi.)  west 
of  Canton  Canyon  (Fig.  2),  in  the  area  between  CSUN  lo- 
calities 836  and  841,  however,  the  transgressive  lag  consists 
mostly  of  quartzite  and  granite  clasts,  usually  subangular  and 
cobble  size.  About  50  m east  of  locality  841,  there  are  well- 
rounded  boulders  of  quartzite  and  granite  up  to  1 m in  di- 
ameter. This  is  the  only  place  where  such  large,  well-rounded 
clasts  were  found. 

Erosion  and  disaggregation  of  the  Whitaker  Peak  grano- 
diorite took  place  prior  to  the  marine  transgression.  The 
resulting  residue  was  buried  and  preserved  by  the  transgres- 
sing marine  waters.  In  the  area  about  1.6  km  (1  mi.)  west  of 
Canton  Canyon,  the  deposits  of  a braided  river  were  also 


preserved.  The  quartzite  and  granite  clasts  within  these  river 
deposits  had  been  transported  a considerable  distance. 

Transgressing  marine  waters  are  capable  of  much  erosion 
in  the  coastal  environment  (Swift,  1968),  and  such  erosion 
would  explain  the  thinness  and  local  absence  of  the  trans- 
gressive-lag  deposits.  The  rocky  residue  of  disaggregated 
granodiorite  would  have  made  a rocky  littoral  environment 
along  the  advancing  shoreline.  There  are  some  faunal  indi- 
cations that  this  environment  did  exist.  Throughout  the  study 
area,  in  the  nearshore-marine  deposits  and  overlying  tran- 
sition-zone (transgressive  phase)  deposits,  there  are  genera 
whose  modern-day  analogs  are  associated  with  rocky  shore- 
lines. These  genera  are  Monodonta,  Barbatia,  Chania,  Pli- 
catiila,  and  Septifer.  There  are  also  sea-urchin  fragments  and 
a few  encrustations  of  coralline  red  algae.  Monodonta  is  mostly 
intertidal  among  rocks  (Abbott  and  Dance,  1982).  Barbatia 
is  byssally  attached  and  usually  wedged  in  among  rocks  or 
colonial  corals  (Stanley,  1970).  Chama  usually  inhabits  rocky 
shores  and  coral  reefs,  as  well  as  sublittoral-fringe  environ- 
ments (Kennedy,  Morris,  and  Taylor,  1970;  Bernard,  1976). 
Plicatula  is  commonly  attached  to  flat  surfaces  on  rocks  or 
in  rock  crevices  (Keen,  1971).  Septifer  commonly  lives  in 
the  littoral  environment  on  rocks  (Abbott  and  Dance,  1982). 

Overlying  and  gradational  with  the  transgressive-lag  de- 
posits are  the  nearshore-marine  deposits.  In  the  vicinity  of 
CSUN  locality  812,  they  directly  overlie  granodiorite  bed- 
rock. In  most  places,  the  deposits  are  usually  between  1 and 
3 m thick.  In  the  vicinity  of  CSUN  localities  362,  827,  and 
839,  they  are  10  to  15  m thick,  and  they  are  9 m thick  in 
the  area  about  1.6  km  (1  mi.)  west  of  Canton  Canyon.  The 
nearshore-marine  deposits  are  of  foreshore/shoreface  origin 
and  consist  of  fine  or  medium,  well-sorted  sandstone.  Here- 
after in  this  report,  they  are  also  referred  to  as  the  nearshore 
sandstone.  Locally,  there  are  vertical  Ophiomorpha  burrows. 
There  are  scattered  lenses  of  shallow-marine  fossils,  and  col- 
lections were  made  at  every  lens  that  was  found.  These  lenses 
are  the  following  CSUN  localities:  362,  805,  806,  812,  825, 
838,  841,  848,  849,  850,  852,  and  853.  In  terms  of  faunal 
composition,  nearly  every  species  found  in  the  nearshore 
sandstone  also  occurs  in  the  transition-zone  deposits.  This 
would  be  expected  because  most  of  the  organic  remains  in 
the  nearshore  sandstone  were  storm-derived  from  the  slightly 
deeper  and  laterally  adjacent  transition-zone  environment. 
The  nearshore  sandstone,  however,  does  have  the  following 
distinguishing  paleontologic  aspects.  Pieces  of  Teredol-hored 
petrified  wood  are  fairly  common.  The  driftwood  accumu- 
lated along  the  coastline.  At  locality  825,  a 12-cm-thick  en- 
crustation of  coralline  red  algae  was  found  in  a concretion. 
The  algae  indicate  fairly  clear,  sunlit  coastal  waters.  At  lo- 
cality 362,  articulated  specimens  of  Miltha  packi  were  found 
alongside  numerous  storm-derived  shallow-marine  mol- 
luscs. These  large  robust  bivalves  are  in  situ  because  they  are 
articulated  and  they  have  withstood  the  stressful  environ- 
ment of  the  coastline.  Allen  (1958),  Stanley  ( 1 970),  and  Jack- 
son  (1970)  found  that  large  lucinoids  like  the  infaunal  Miltha 
commonly  live  in  areas  characterized  by  a high  degree  of 
ecological  stress,  such  as  fluctuations  in  salinity  and  tem- 
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perature.  Jackson  (1970),  furthermore,  found  that  lucinoids 
today  are  especially  dominant  in  nearshore  areas  in  the  trop- 
ics. Locality  362  may  have  been  near  the  mouth  of  a river, 
as  also  indicated  by  the  thick  section  of  sandstone  there. 

About  1.6  km  (1  mi.)  west  of  Canton  Canyon,  the  near- 
shore sandstone  contains  well-bedded,  small  carbonized  wood 
fragments  that  can  make  up  as  much  as  20  percent  of  the 
rock.  The  amount  of  wood  fragments  decreases  upsection. 
Lenses  of  shallow-marine  fossils  can  be  interbedded  with  the 
carbonized  wood  fragments,  as  at  CSUN  localities  805,  806, 
838,  and  841.  These  lenses  are  characterized  by  abundant 
Tunitella  iivasana  infera,  large  Venericardia  (Pacificor)  ar- 
agonia  joaquinensis,  and  articulated  Miltha  packi.  The  pres- 
ence of  these  sturdy-shelled  molluscs  indicates  nearshore, 
shallow-marine  conditions.  Venericardia  (P.)  aragonia  joa- 
quinensis also  occurs  in  shoreline  deposits  near  the  base  of 
the  Llajas  Formation  in  Simi  Valley,  California  (Squires, 

1 984).  The  presence  of  abundant  carbonized  wood  fragments 
in  this  part  of  the  Whitaker  Peak  area  suggests  the  proximity 
of  the  mouth  of  a river.  This  river  would  have  been  the  same 
one  that  transported  the  large  clasts  of  quartzite  and  granite 
into  the  area  just  east  of  locality  841,  as  discussed  under  the 
transgressive-lag  deposits.  The  nearshore  sandstone  is  thick 
in  this  area  because  increased  deposition  took  place  where 
the  river  emptied  into  the  ocean.  MUtha  packi  would  have 
been  well  suited  in  this  area,  as  well  as  near  locality  362, 
because  of  its  tolerance  for  the  fluctuating  salinity  that  the 
rivers  would  have  caused. 

Lenses  of  shallow-marine  fossils  also  occur  in  fine  sand- 
stone that  directly  overlies  the  carbonized  wood-fragment 
sandstone,  as  at  localities  848,  849,  and  850.  In  this  area, 
the  lenses  are  characterized  by  Velates  perversus.  N umerous 
specimens  were  found  at  locality  850,  and  they  constitute  a 
growth  series.  Locality  850  also  is  characterized  by  some  large 
(up  to  1 1 cm  in  height)  MUtha  packi  valves  and  sea-urchin 
fragments.  The  presence  of  these  specimens  indicates,  once 
again,  nearshore  shallow-marine  conditions.  In  the  case  of 
V.  perversus.  any  postmortem  transport  has  been  minimal. 
Velates  perversus  also  occurs  in  shoreline  deposits  near  the 
base  of  the  Llajas  Formation  in  Simi  Valley,  California 
(Squires,  1984). 

The  nearshore  sandstone  grades  vertically  upward  into 
transition-zone  deposits  that  formed  in  shelf-like  depths.  The 
lower  500  m consists  of  interbedded  offshore  siltstone  (85 
percent),  nearshore  fine  to  medium  sandstone  (10  percent), 
and  lenses  of  macrofossils  (5  percent).  The  amount  of  sand- 
stone interbeds  and  lenses  of  macrofossils  decrease  upsection. 
Most  of  the  fossil  localities  are  in  the  lower  60  m.  Macrofossil 
lenses  are  usually  about  30  to  50  cm  thick  and  extend  laterally 
from  1 to  20  m.  They  represent  channel-lag  storm  accu- 
mulations. At  some  localities  the  coarsest  material  is  at  the 
bottom  of  the  channel.  At  a few  localities,  coquina  beds  of 
fossil  hash  are  present.  Most  fossils  in  the  transition-zone 


deposits  have  undergone  only  a small  distance  of  transport 
and  constitute  indigenous  death  assemblages.  In  nearly  every 
lens,  some  of  the  fossils  show  preservation  of  delicate  features 
such  as  protoconchs,  outer  lips,  and  ribs.  Some  even  have 
partial  growth  series,  with  only  the  early  juvenile  individuals 
lacking.  Nearly  all  the  bivalves  are  single  valves,  but  at  lo- 
cality 824  a large  specimen  of  Venericardia  (Pacificor)  hornii 
lutmani  was  found  articulated.  Also,  at  locality  816,  a spec- 
imen of  Pholadoniya  (Bucardiomya)  givensi  was  found  ar- 
ticulated. 

Taxonomic  composition  of  the  macrofossil-bearing  lenses 
is  variable.  Collections  made  at  41  localities  from  these  500 
m of  strata  yielded  numerous  shallow-marine  gastropods  and 
bivalves,  as  well  as  specimens  of  discocyclinid  foraminifera, 
calcareous  annelid  tubes,  a few  colonial  corals,  and  a few 
spatangoid  echinoids.  About  60  percent  or  25  of  these  41 
localities,  have  five  or  fewer  species  of  macrofossils.  At  lo- 
calities 359,  827,  and  845,  however,  20  to  30  species  were 
found.  Species  that  characterize  the  lower  500  m of  the  tran- 
sition-zone deposits  are  Turritella  uvasana  infera,  T.  ander- 
soni,  Cylichnina  tantilla,  C/avi/ithes  tabulatiis,  and  ostreid 
fragments. 

Squires  (1984)  tabulated  the  bathymetry  of  extant  mol- 
luscan  genera  that  were  found  in  the  Eocene  Llajas  Forma- 
tion, Simi  Valley,  California.  Fifty  percent  of  these  genera 
are  the  same  as  those  found  in  the  transgressive-phase  tran- 
sition-zone deposits  of  the  Whitaker  Peak  area.  These  genera 
are  Dentalium.  Architectonica.  Calyptraea,  Conus.  Galeodea, 
Lyria.  Neverita  (Neverita),  Pseudoliva,  Turritella.  Acantho- 
cardia.  Acila  (Truncacila).  Brachidontes.  Callista  (Costacal- 
lista),  Corhula  (Caryocorbula),  Gari.  Glycymeris.  Nemocar- 
diuni.  Ostrea.  Pitar  (LameUiconcha).  Solena.  and  Teredo. 
Based  on  the  tabulated  data  by  Squires  (1984),  the  extant 
genera  in  these  transition-zone  deposits  would  most  com- 
monly occur  today  in  seas  between  10  and  45  m depth.  This 
range  was  calculated  by  averaging  the  lowest  and  highest, 
most  frequently  reported  depth  ranges  of  the  genera.  The 
following  additional  extant  genera  in  these  deposits  also  sup- 
port this  depth  range.  Monodonta.  Barbatia.  drama.  Pli- 
catiila.  and  Septifer  commonly  inhabit  littoral  and  sublittoral 
fringe  environments,  as  previously  mentioned  in  the  discus- 
sion of  the  transgressive-lag  deposits.  Neverita  (Neverita)  glo- 
bosa  is  apparently  closely  related  to  Neverita  (Glossaula.x) 
reclusiana  (Givens  and  Kennedy,  1976;  Marincovich,  1977), 
which  occurs  today  in  depths  from  0 to  50  m (Marincovich, 
1977).  Bittiuni  is  common  in  sublittoral  depths  near  rocks 
(McLean,  1978).  Campanile  lives  today  most  commonly  in 
subtidal  depths  of  approximately  3 m.  It  also  can  be  intertidal 
(Houbrick,  1981).  Montjbrtia  lives  on  gravelly  bottoms  in 
depths  of  18  to  73  m (Keen,  1971).  Pseudovertagus  (Pseu- 
dovertagus)  lives  in  rubble  areas  from  low  tide  mark  to  9 m 
depth  (Houbrick,  1978).  Fimbria  lives  in  shallow  water,  5 
to  20  m depth  (Abbott  and  Dance,  1982).  The  hermatypic 


Figure  3.  Stratigraphic  column  of  the  Eocene  strata  in  the  Whitaker  Peak  area,  showing  West  Coast  molluscan  stages,  local  faunas,  and 
depositional  environments. 
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colonial  coral  Astrocoenia  also  is  present  in  the  transgressive- 
phase  transition-zone  deposits.  Today,  it  lives  in  depths  from 
0 to  50  m (Wells,  1945). 

Several  extinct  taxa  of  fossils  in  these  500  m of  transition- 
zone  deposits  are  also  indicative  of  shallow  depths.  The  pres- 
ence of  Turrit ella  andersoni,  T.  meganosensis  protumescens, 
and  ostreid  fragments,  in  addition  to  Velates  perversus,  Mil- 
tha  packi,  and  Venericardia  (Pacificor)  aragonia  joaquinen- 
sis,  mentioned  in  the  discussion  of  the  nearshore  sandstone, 
indicates  shallow-water  conditions.  These  same  species,  ex- 
cept for  Miltha  packi,  are  present  in  the  zone  of  interfingering 
between  coastal  alluvial-fan  facies  and  shallow-marine  facies 
of  the  Eocene  Llajas  Formation,  Simi  Valley,  California 
(Squires,  1984).  Specimens  of  the  discocyclinid  foraminifera 
Pseudophragmina  were  found  at  localities  804,  815,  823, 
837,  839,  and  840.  At  locality  840  they  are  very  large  and 
are  up  to  1 cm  in  diameter.  Discocyclinid  foraminifera  lived 
in  very  shallow  water  (below  tide  level  to  perhaps  100  m) 
(Durham,  1942a;  Vaughan,  1945). 

The  mudstone  facies  at  the  base  of  the  Juncal  Formation 
in  the  Pine  Mountain  area,  California,  was  interpreted  as 
inner  sublittoral  deposits  by  Givens  (1974),  and  it  contains 
many  of  the  same  taxa  as  those  from  the  transition-zone 
deposits  of  the  Whitaker  Peak  area.  The  most  important 
species  are  Eocernina  hannihali,  Turritella  andersoni,  Tur- 
ritella  uvasana  infera,  Velates  perversus,  Miltha  packi,  and 
Venericardia  (Pacificor)  hornii  lutmani. 

The  upper  300  m of  the  transition-zone  deposits  of  the 
Juncal  Formation  in  the  Whitaker  Peak  area  consists  of  mud- 
dy siltstone  (98  percent),  nearshore  fine  or  medium  to  coarse 
sandstone  (2  percent),  and  rare  lenses  of  macrofossils.  The 
siltstone  is  muddier  than  that  in  the  lower  500  m of  the 
transition-zone  deposits  and,  therefore,  probably  formed  in 
somewhat  deeper  shelf-like  depths.  Only  two  macrofossil- 
bearing lenses  were  found  (CSUN  localities  363  and  828), 
and  they  represent  channel-lag  storm  accumulations.  The 
condition  of  the  fossils  and  the  taxonomic  composition  are 
similar  to  those  in  the  underlying  500  m,  and  they  constitute 
indigenous  death  assemblages  of  shallow-marine  molluscs. 
About  15  species  of  molluscs  were  found  at  each  locality. 
Turritella  buwaldana  and  Conus  remondii  characterize  these 
transition-zone  deposits.  A few  wood  fragments  and 
Ophiomorpha  burrows  are  present  locally. 

The  molluscs  in  the  upper  300  m of  the  transition-zone 
deposits  include  the  following  extant  genera  whose  bathym- 
etry has  been  tabulated  by  Squires  ( 1 984):  Calyptraea,  Conus, 
Phalium  (Semicassis),  Turritella,  Acanthocardia,  Callista 
(Costacallista),  Corbula  (Caryocorbula),  Glycymeris,  Nemo- 
cardium,  and  Pitar  (Lamelliconcha).  These  genera  most  com- 
monly occur  today  at  depths  between  17  and  65  m.  This 
range  was  calculated  by  averaging  the  lowest  and  highest. 


most  frequently  reported  depth  ranges  of  the  genera.  The 
following  additional  extant  genera  in  these  deposits  also  sup- 
port this  depth  range.  Barbatia,  although  commonly  in  in- 
tertidal depths  could  occur  in  waters  as  deep  as  65  m,  and 
Spisula  most  commonly  lives  in  depths  from  0 to  60  m 
(Abbott  and  Dance,  1982). 

West  of  Michael  Creek,  in  the  vicinity  of  Piru  Creek  (Fig. 
2),  the  upper  300  m of  the  transition-zone  deposits  thicken, 
interfinger  with,  and  surround  fan-delta  turbidite  deposits 
(Yamashiro,  1987).  The  surrounding  transition-zone  depos- 
its consist  of  muddy  siltstone  and  silty  mudstone.  The  tur- 
bidite deposits  consist  of  channelized  rounded  pebble-cob- 
ble, quartzite-granite  conglomerate  with  interbedded  coarse 
sandstone.  These  deposits  are  shown  on  Figure  2 as  “channel 
conglomerate”  within  the  upper  part  of  the  Juncal  Forma- 
tion. Macrofossils  are  extremely  rare,  but  a few  transported 
fragments  of  lEocernina  hannibali  were  found  in  conglom- 
erate beds  exposed  along  the  well-indurated  cliffs  of  Piru 
Creek  in  the  northwest  corner  of  the  study  area.  These  fossils 
could  not  be  extracted  from  the  rock.  Some  carbonized  wood 
fragments  and  Ophiomorpha  burrows  are  also  present  in  these 
beds.  Howell  ( 1 974)  also  reported  a submarine-fan  origin  for 
these  beds. 

The  uppermost  1 00  m of  the  J uncal  Formation  in  the  study 
area  are  transition-zone-type  sediments  that  were  deposited 
just  seaward  of  a delta  front  (Yamashiro  and  Squires,  1986; 
Yamashiro,  1987).  These  deposits  are  like  those  of  the  un- 
derlying transition-zone  deposits  and  consist  of  siltstone  with 
minor  fine  sandstone.  Only  one  macrofossil  locality  was  found 
(CSUN  locality  230),  and  it  yielded  a single  specimen  of  an 
ophiuroid  in  a concretion. 

Matilija  Sandstone?  Overlying  and  gradational  with  the 
Juncal  Formation  is  the  Matilija  Sandstone?.  The  lower  95 
m consists  of  sandstone  (95  percent),  siltstone  (5  percent), 
and  uncommon  lenses  of  macrofossils.  These  deposits  ac- 
cumulated on  a delta  front  (i.e.,  equivalent  to  shoreface 
depths).  As  noted  by  Yamashiro  and  Squires  (1986),  the 
sandstone  is  laminated  to  bioturbated  and  constitutes  an 
upward-coarsening  sequence,  fine  at  the  base  to  medium  at 
the  top  of  the  95  m.  Bioturbation  is  as  high  as  75  percent 
with  Ophiomorpha  burrows  common.  In  places,  the  sand- 
stone is  carbonaceous  and  locally  there  are  plant  fragments 
30  cm  in  length.  The  lenses  of  macrofossils  usually  occur  in 
concretions  that  are  about  60  cm  in  width,  and  the  concre- 
tions are  mostly  confined  to  a 6-m-thick  sandy  siltstone  layer 
that  extends  laterally  for  at  least  300  m (about  1000  ft.)  in 
the  Sharps  Canyon  area  (CSUN  localities  219,231,  and  232). 
Locality  237,  however,  is  a nonconcretionary  1-m-thick  co- 
quina bed  that  extends  laterally  for  2 m.  The  details  of  these 
four  localities  are  discussed  in  Squires  (1977).  Locality  808 
is  on  the  west  side  of  Piru  Creek.  All  of  these  macrofossil- 


Figure  4.  Correlation  of  the  Eocene  strata,  Whitaker  Peak  area,  with  West  Coast  Eocene  molluscan  “stages”  (after  Saul,  1983);  millions  of 
years  scale  (Ma),  epochs,  subepochs,  standard  ages,  planktic  foraminifera  zones,  and  calcareous  nannoplankton  zones  (all  after  Berggren  et  al., 
1985);  West  Coast  benthic  foraminifera  stages  (after  Poore,  1980);  and  global  sea-level  changes  relative  to  planktic  foraminifera  zones  (from 
Vail  and  Hardenbol,  1979). 
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bearing  lenses  represent  channel-lag  storm  accumulations. 
Most  of  the  fossils  have  undergone  a moderate  distance  of 
transport.  Although  fairly  delicate  morphologic  features  such 
as  ribs  are  well  preserved,  delicate  protoconchs  were  not 
preserved.  Partial  growth  series  are  scarce,  except  at  locality 
237  which  is  the  stratigraphically  lowermost  locality  in  these 
delta-front  deposits.  Almost  all  the  bivalves  are  single  valves; 
however,  at  locality  231  a specimen  of  Callocardia  (Nitid- 
avenus)  tejonensis  and  a specimen  of  Corbula  (Caiyocorbula) 
parilis  were  found  articulated.  Apparently,  these  specimens 
were  transported  while  still  alive. 

Taxonomic  composition  of  the  macrofossil-bearing  lenses 
is  variable.  Locality  237  is  richest  in  terms  of  species  diver- 
sity, with  32  species.  Species  that  characterize  the  delta-front 
deposits  are  Turrit ella  uvasana  applinae  and  Nemocardium 
liutewu. 

Every  extant  molluscan  genus  in  the  upper  part  of  the 
Juncal  Formation  also  occurs  in  the  delta-front  deposits  of 
the  Matilija  Sandstone?.  This  similarity  would  be  expected 
because  the  molluscs  in  the  delta-front  deposits  were  storm- 
derived  from  the  slightly  deeper  and  laterally  adjacent  tran- 
sition-zone environment. 

Above  the  delta-front  deposits  are  tidal  sand-flat  deposits 
that  formed  within  a lower  delta  plain.  These  deposits  are 
100  m thick  in  the  Canton  Canyon  area  and  185  m thick 
about  1.5  km  (0.9  mi.)  to  the  west.  They  consist  of  sandstone 
(95  percent),  coal  lenses  (5  percent),  and  uncommon  macro- 
fossils. The  coarse  sandstone  is  usually  structureless  and 
heavily  bioturbated,  but  herringbone  cross-bedding,  planar 
cross-bedding,  planar  lamination,  and  scour-and-fill  struc- 
tures are  common.  The  coal  lenses  in  the  upper  part  of  the 
sandstone  were  formed  in  marsh  environments  (Yamashiro 
and  Squires,  1986). 

Macrofossils  at  all  of  the  localities  in  the  tidal-flat  deposits 
(CSUN  localities  28,  81, 214,  216,  220,  and  246)  except  one 
(CSUN  locality  809)  consist  exclusively  of  specimens  of  Os- 
trea  stewarti.  All  of  the  specimens  occur  as  float  material. 
They  are  usually  single  valves  and  are  abundant,  but  a few 
articulated  speiemens  were  found  at  locality  246.  Only  a 
single,  large  articulated  specimen  was  found  at  locality  216. 
At  locality  809,  which  is  in  the  lower  part  of  the  tidal-flat 
deposits,  a concretionary  lens  of  macrofossils  yielded  some 
ostreid  fragments,  carbonized  wood  fragments,  and  internal 
molds  of  Nerita  (Theliostyla)  triangidata,  Turriiella  uvasana 
appUnael,  and  lEocernina  hannibali. 

The  articulated  specimens  of  Ostrea  indicate  that  they  were 
indigenous  to  the  tidal-flat  environment.  The  abundant  of 
the  specimens  at  most  of  the  localities  suggests  that  they  may 
have  formed  oyster  banks.  The  tidal-flat  environment  that 
these  oysters  lived  in  was  subjected  to  brackish-water  con- 
ditions because  the  tidal-flat  deposits  interfinger  with  and  are 
overlain  by  braided-river  deposits.  Some  modern  species  of 
Ostrea  can  tolerate  brackish-water  conditions  (Morris,  Ab- 
bott, and  Haderlie,  1980).  The  presence  of  Nerita  (Theli- 
ostyla) triangidata  in  the  tidal-flat  deposits  also  indicates 
brackish-water  conditions.  This  brackish-water  species  also 
occurs  in  tidal-flat  deposits  in  Eocene  (“Domengine  Stage”) 
strata  in  Coalmine  Canyon,  near  Coalinga,  California  (Yokes, 


1939;  Roush,  1986).  In  addition,  it  occurs  in  very  shallow- 
marine  or  brackish-water  deposits  in  unnamed  Eocene  strata 
in  northern  San  Diego  County,  California  (Givens  and  Ken- 
nedy, 1976)  and  in  brackish-water  deposits  of  the  Eocene 
Delmar  Formation,  San  Diego  County  (Givens  and  Ken- 
nedy, 1979).  The  presence  of  Turritella  and  lEocernina  in 
the  tidal-flat  deposits  of  the  Whitaker  Peak  area  indicates 
that  the  contemporaneous  shallow-marine  environment  was 
nearby  and  shallow-marine  molluscs  could  be  transported 
into  the  tidal-flat  environment. 

Overlying  the  205-m-thick  interval  of  interfingering  be- 
tween the  tidal-flat  deposits  and  the  braided-river  deposits 
is  a 390-m-thick  section  of  braided-river  deposits  (upper 
delta  plain).  About  1.5  km  (0.9  mi.)  west  of  Canton  Canyon, 
the  interval  of  interfingering  thickens  to  380  m and  the  braid- 
ed-river deposits  thin  to  140  m (Yamashiro  and  Squires, 
1986).  The  braided-river  deposits  consist  of  sandstone  (80 
percent),  conglomerate  (10  percent),  and  siltstone  (10  per- 
cent). No  fossils  were  found.  The  sandstone  is  usually  mas- 
sive and  very  coarse  to  conglomeratic,  but  in  places  it  is 
channelized  and  trough  cross-bedded.  Locally,  the  sandstone 
grades  upward  into  thin,  red-and-green  siltstone  beds.  The 
siltstone  is  interpreted  to  have  accumulated  in  abandoned 
channels  (Yamashiro  and  Squires,  1986).  These  sandstone- 
siltstone  sequences  are  similar  to  localized  fining-upward  se- 
quences described  by  Williams  and  Rust  ( 1 969)  for  braided- 
river  channel-fill  sediments. 


AGE 

The  Juncal  Formation  in  the  Whitaker  Peak  area  is  early 
Eocene  in  age  and  the  Matilija  Sandstone?  is  late  early  through 
early  middle  Eocene  in  age.  These  age  assignments  are  based 
on  molluscs,  calcareous  nannofossils,  and  planktonic  and 
benthic  foraminifera.  Assignment  to  European  Standard  Ages, 
various  standard  plankton  zones,  global  sea-level  changes, 
and  West  Coast  provincial  benthic  foraminifera  and  mol- 
luscan stages  is  shown  in  Figure  4. 

Clark  and  Yokes  (1936)  informally  proposed  five  mollus- 
can-based  provincial  Eocene  “Stages”;  namely,  “Meganos,” 
“Capay,”  “Domengine,”  “Transition,”  and  “Tejon.”  They 
recognized  two  faunal  zones  in  their  “Capay  Stage.”  Givens 
(1974)  showed  that  their  upper  faunal  zone  of  the  “Capay” 
should  be  considered  part  of  the  “Domengine  Stage,”  and 
he  restricted  the  use  of  the  “Capay  Stage”  to  their  lower 
faunal  zone  of  the  “Capay  Stage.”  It  is  in  this  restricted  sense 
that  “Capay  Stage”  is  used  herein.  Saul  (1983)  and  Squires 
( 1 984)  regarded  the  “Meganos  Stage”  as  late  Paleocene-early 
Eocene,  the  restricted  “Capay  Stage”  of  Givens  (1974)  as 
early  Eocene,  the  “Domengine  Stage”  as  late  early  through 
early  middle  Eocene,  and  the  “Transition  Stage”  as  middle 
Eocene.  Squires  (1984)  regarded  the  “Tejon  Stage”  as  late 
middle  Eocene  and/or  late  Eocene.  Such  ages  are  used  for 
this  present  report  (Figs.  3-5). 

Prior  to  1986,  most  workers  (Clements,  1937;  Kriz,  1947; 
Scanlin,  1958;  Shepard,  1960;  Howell,  1975b)  regarded  the 
age  of  all  the  strata  discussed  in  this  present  report  as  middle 
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Figure  5.  Correlation  of  the  Eocene  strata,  Whitaker  Peak  area,  with  selected  West  Coast  Eocene  formations.  Sources  of  information:  1 ) 
Eisenberg  and  Abbott,  1985.  2)  Squires  and  Advocate,  1986;  Squires,  unpubl.  data.  3)  Squires,  1984.  4)  Givens,  1974.  5)  Link  and  Welton, 
1982.  6)  Poore,  1976.  7)  Heller  and  Dickinson,  1985.  See  Figure  4 for  information  regarding  biozones  and  “stages.” 


Eocene  in  age  (“Domengine  Stage”)  and  questionably  ranging 
upward  into  the  “Transition”  or  “Tejon  Stage”  (Kriz,  1947). 
Their  age  assignments  were  based  on  a few  macrofossils  or 
microfossils,  or  on  stratigraphic  position.  Anderson  (1960) 
assigned  all  the  strata  to  the  late  Eocene  Cozy  Dell  and  Cold- 
water  formations,  based  on  stratigraphic  position.  Squires 
(1976,  1977)  assigned  the  Matilija  Sandstone?  portion  (=his 
unit  E,)  to  the  “Domengine”  and  “Transition  stages,”  based 
on  preliminary  studies  of  molluscan  assemblages. 

Squires  and  Yamashiro  (1986)  preliminarily  reported  the 
age  of  the  lower  500  m of  the  Juncal  Formation  in  the  Whit- 
aker Peak  area  to  be  early  Eocene  (“Capay  Stage”)  and  the 
age  of  the  upper  400  m to  be  late  early  through  early  middle 
Eocene  (“Domengine  Stage”).  Yamashiro  and  Squires  ( 1 986) 
also  preliminarily  reported  the  age  of  the  fossil-bearing  part 
of  the  overlying  Matilija  Sandstone?  deltaic  complex  to  be 
late  early  through  early  middle  Eocene  (“Domengine  Stage”). 
These  age  assignments  were  based  on  my  most  up-to-date 
work  on  the  molluscs,  the  details  of  which  are  documented 
in  this  present  report. 

Although  no  fossils  were  found  in  the  very  thin,  trans- 
gressive-lag deposits  at  the  base  of  the  Eocene  section  in  the 
Whitaker  Peak  area,  these  deposits  are  gradational  with  the 
overlying,  thin  nearshore-marine  deposits  which  contain  fos- 
sils indicative  of  the  “Capay  Stage.”  It  is  reasonable  to  assign 
the  transgressive-lag  deposits  to  the  “Capay  Stage.” 


The  nearshore-marine  deposits  and  lower  500  m of  the 
overlying  transition-zone  deposits  contain  macrofossils  that 
have  been  reported  (Clark  and  Yokes,  1936;  Merriam  and 
Turner,  1937;  Turner,  1938;  Yokes,  1939;  Ingram,  1940, 
1 942;  Merriam,  1941;  Weaver,  1943;  Yerastegui,  1953;  Giv- 
ens, 1974;  Zinsmeister,  1978;  Saul,  1983;  Squires,  1984; 
Squires  and  Advocate,  1986)  elsewhere  on  the  West  Coast 
only  from  the  “Capay  Stage.”  These  taxa  are  Chedevillia 
saltonensis,  Gisortia  clarki.  Pseudoliva  dilleri,  Turrit ella  me- 
ganosemis  protiimescens,  Ostrea  haleyi.  Pholadomya  (Bu- 
cardiomya)  givensi,  and  I'enericardia  (Pacificor)  hornii  lut- 
manii. 

Additional  evidence  for  a “Capay”  age  for  this  part  of  the 
section  is  the  joint  occurrence  of  taxa  whose  stratigraphic 
ranges  elsewhere  on  the  West  Coast  overlap  only  within  the 
“Capay  Stage.”  Rotularia  (Rotularia)  tejonense,  Clavilithes 
tabulatus,  Cryptochorda  (Cryptochorda)  californica,  Cv- 
lichnina  tantilla,  Ectinochilus  (Macilentos)  macHentus, 
Eocernina  hannibali,  Eicopsis  remondii  crescentensis,  Eusi- 
tiirricula  (Crenatiirricula)  crenatospira,  Pachycrommium 
clarki,  Pleurofiisia  fresnoensis,  Sassia  biliiieata,  Turritella 
merriami,  \ 'elates  perversus,  Acanthocardia  (Schedocardia) 
brewerii,  and  Glycymeris  (Glycyiuerita)  sagittata  have  their 
lowest  stratigraphic  occurrence  in  the  “Capay  Stage”  (T urner, 
1938;  Yokes,  1939;  Givens,  1974;  Squires,  1984).  Turritella 
andersoni,  Turritella  uvasana  infera,  and  Corbula  (Varicor- 
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bula)  capayana  have  their  highest  stratigraphic  occurrence 
in  the  “Capay  Stage”  (Yokes,  1939;  Merriam,  1941;  Saul, 
1983;  Squires,  1984). 

The  macrofossil  assemblage  in  the  nearshore  marine  up 
through  the  lower  500  m of  the  transition-zone  deposits  is 
herein  referred  to  as  the  Turritella  iivasana  infera  fauna  (Fig. 
3).  This  name  is  chosen  because  this  taxon  is  both  confined 
to  and  abundant  in  this  part  of  the  section. 

The  molluscan  stage  range  of  certain  species  can  be  ex- 
tended based  on  their  presence  in  the  “Capay”-age  Turritella 
Iivasana  infera  fauna.  Galeodea  (Gomphopages)  meganosen- 
sis,  formerly  reported  (Clark  and  Woodford,  1927;  Yokes, 
1939;  Keen  and  Bentson,  1944)  as  confined  to  the  “Meganos 
Stage,”  can  now  be  shown  to  occur  also  in  the  “Capay  Stage.” 
Architectonica  (Stellaxis)  cognata,  Paraseraphs  erraticus, 
Strepsidura  ficus.  Corbiila  (Caryocorbida)  dickersoni,  Solena 
(Eosolen)  novacularis.  and  I'enericardia  (Pacificor)  aragonia 
joaquinensis,  formerly  reported  (Saul,  1983;  Squires,  1984) 
as  ranging  no  lower  than  uppermost  “Capay,”  extend  into 
the  “Capay  Stage”  proper.  Amaurellina  caleocia,  Bittiuml 
dumblei.  Conus  remondii.  Lyria  andersoni,  Lyrischapa  la- 
jollaensis,  Barbatia  (Cucullaearca)  cliff'ensis,  Callista  (Cos- 
tacallista)  hornii  vokesi  new  subspecies,  C/aibornites  die- 
goensis.  Glyptoactis  (Claibornicardia)  sandiegoensis,  and  Pitar 
(Lamelliconcha)  joaquinensis.  formerly  reported  (Clark,  1929; 
Yokes,  1939;  Reinhart,  1943;  Givens,  1974,  1979;  Givens 
and  Kennedy,  1976,  1979;  Marincovich,  1 977;  Moore,  1 983; 
Squires,  1983a,  1984)  to  be  confined  to  the  “Domengine 
Stage,”  have  their  lowest  stratigraphic  occurrence  in  the  “Ca- 
pay Stage.”  Miltha  packi,  formerly  reported  (Yokes,  1939; 
Givens  and  Kennedy,  1 979;  Demere,  Sundberg,  and  Schram, 
1979)  as  ranging  from  “Domengine”  through  “Tejon” 
“stages,”  can  now  be  shown  to  occur  also  in  the  “Capay 
Stage.” 

Three  microfossil  samples  (CNl,  =CSUN  macrofossil  lo- 
cality 837,  CN2,  and  CN3)  from  siltstone  in  the  lower  500 
m of  the  transition-zone  deposits  (see  “Localities”  and  Figure 
1 33  for  geographic  and  relative  stratigraphic  positions)  yield- 
ed age-diagnostic  calcareous  nannofossils,  as  well  as  plank- 
tonic and  benthic  foraminifera,  and  all  are  indicative  of  early 
Eocene  age  (Filewicz,  1986,  pers.  commun.;  Thornton,  1986, 
pers.  commun.).  The  results  are  incorporated  into  Figures  4 
and  5. 

Sample  CNl  (=CSUN  macrofossil  locality  837)  from  ap- 
proximately 40  m above  the  base  of  the  Eocene  section  (Fig. 
1 34)  contained  the  following  calcareous  nannofossils;  Coc- 
colithus  formosus,  Discoasteroides  kuepperi.  SphenoUthus 
morifonnis,  S.  radians.  Tribachiatus  orthostylus,  and  very 
rare  Discoaster  lodoensis.  Filewicz  (1986,  pers.  commun.) 
assigned  this  microfauna  to  the  early  Eocene  Tribrachiatus 
orthostylus  (CP  10)  Zone  of  Okada  and  Bukry  (1980).  CSUN 
macrofossil  locality  837  also  yielded  the  planktonic  fora- 
minifera Globorotalia  aragonensis  and  G.  bullbrooki.  Thorn- 
ton (1986,  pers.  commun.)  assigned  these  species  to  the  early 
Eocene  Planktonic  Zone  P8  of  Blow  (1969).  In  addition, 
CSUN  locality  837  yielded  the  benthic  foraminifera  Mar- 
ginulina  mexicana  var.  B and  Asterigerina  crassaformis. 
Thornton  (1986,  pers.  commun.)  assigned  these  species  to 


the  early  Eocene  Benthic  Zone  “C”  (lower  “Capay  Stage”) 
of  Laiming  (1940a,  1940b,  1943). 

Sample  CN2  from  approximately  100  m above  the  base 
of  the  Eocene  section  (Eig.  133)  contained  the  following  cal- 
careous nannofossils:  Coccolithus  formosus,  Discoaster  dias- 
typus,  Discoasteroides  kuepperi,  Lophodolithus  reniformis,  and 
Tribrachiatus  orthostylus.  Filewicz  (1986,  pers.  commun.) 
assigned  this  microfauna  to  the  early  Eocene  Discoaster  dias- 
typus  (CP9)  to  Tribrachiatus  orthostylus  (CP  10)  zones  of 
Okada  and  Bukry  ( 1 980).  Sample  CN2  also  yielded  the  ben- 
thic foraminifera  Siphonina  sp.  cf  S.  wilcoxensis.  Thornton 
( 1 986,  pers.  commun.)  assigned  this  species  to  the  early  Eocene 
Benthic  Zone  “C”  (lower  “Capay  Stage”)  of  Laiming  (1940a, 
1940b,  1943). 

Sample  CN3  from  approximately  150  m above  the  base 
of  the  Eocene  section  (Fig.  1 33)  contained  the  following  cal- 
careous nannofossils:  Coccolithus  formosus,  Discoaster  lo- 
doensis. Discoasteroides  kuepperi,  Helicosphaera  seminulum, 
SphenoUthus  morifonnis,  S.  radians,  and  very  rare  Cocco- 
lithus crassus.  Filewicz  (1986,  pers.  commun.)  assigned  this 
microfauna  to  the  early  Eocene  Discoaster  lodoensis  (CPI  1) 
Zone  of  Okada  and  Bukry  (1980).  Sample  CN3  also  yielded 
the  planktonic  foraminifera  Globorotalia  broedermanni  and 
G.  formosa  gracilis.  Thornton  (1986,  pers.  commun.)  as- 
signed these  species  to  the  early  Eocene  Planktonic  Zone  P8 
of  Blow  ( 1 969).  In  addition,  sample  CN3  yielded  the  benthic 
foraminifera  MarginuUna  mexicana  var.  B and  M.  asperu- 
liformis.  Thornton  (1986,  pers.  commun.)  assigned  these 
species  to  the  early  Eocene  Benthic  Zone  “C”  (lower  “Capay 
Stage”)  of  Laiming  (1940a,  1940b,  1943). 

The  upper  400  m of  the  Juncal  Formation  and  the  over- 
lying  Matilija  Sandstone?  delta-front  deposits  contain  ma- 
crofossils that  have  been  reported  (Hanna,  1927;  Turner, 
1938;  Yokes,  1939;  Merriam,  1941;  Weaver,  1943;  Givens, 
1974;  Givens  and  Kennedy,  1979;  Saul,  1983;  Squires,  1984) 
elsewhere  on  the  West  Coast  only  from  the  “Domengine 
Stage.”  These  taxa  are  Ancilla  {Spirancilla)  gabbi.  Conus 
caleocius,  Proximitral  cretacea,  IPyramidella  preblei,  Tur- 
ritella Iivasana  applinae,  Callista  (Macrocallista)  domengi- 
nica,  Gari  texta,  and  Spisula  merriami. 

Additional  evidence  for  a “Domengine”  age  for  this  part 
of  the  section  is  the  joint  occurrence  of  taxa  whose  strati- 
graphic ranges  elsewhere  on  the  West  Coast  overlap  only 
within  the  “Domengine  Stage.”  Dentalium  stentor,  Glycy- 
meris  (Glycymeris)  rosecanyonensis,  Crassatella  iivasana,  and 
Glyptoactis  (Glyptoactis)  domenginica  have  their  lowest 
stratigraphic  occurrence  in  the  “Domengine  Stage”  (Turner, 
1938;  Yokes,  1 939;  Yerastegui,  1953;  Givens,  1974;  Givens 
and  Kennedy,  1979;  Squires,  1984).  Rotularia  (Rotularia) 
tejonense,  Ectinochilus  (Macilentos)  macilentus,  and  Eusi- 
turriciila  (Crenatiirricula)  crenatospira  have  their  highest 
stratigraphic  occurrence  in  the  “Domengine  Stage”  (Yokes, 
1939;  Givens,  1974;  Givens  and  Kennedy,  1979;  Squires, 
1984). 

A microfossil  sample  (CN4)  from  siltstone  in  the  upper- 
most part  of  the  transition-zone  deposits  of  the  Juncal  For- 
mation, approximately  800  m above  the  base  of  the  for- 
mation (see  “Localities”  and  Fig.  133,  for  geographic  and 
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relative  stratigraphic  positions)  yielded  the  following  poorly 
preserved  (overgrown)  and  rare  calcareous  nannofossils:  Chi- 
phragmalithus  acanthodes,  Coccolithus  formosus,  Helico- 
sphaera  seminuhim,  Markaliiis  astwporus,  and  Teticulofe- 
nestra  sp.  Filewicz  (1986,  pers.  commun.)  assigned  this 
microfauna  to  the  late  early  Eocene  probable  Discoasler  lo- 
doensis  (CPI  1)  Zone  of  Okada  and  Bukry  (1980). 

The  tidal-flat  deposits  (including  those  that  interfinger  with 
the  braided-river  deposits)  contain  only  one  molluscan  species 
that  is  age  diagnostic.  This  species  is  Ostrea  stewarti,  and 
prior  to  its  discovery  in  the  Whitaker  Peak  section  it  had 
been  reported  (Hanna,  1927)  only  from  its  type  locality  in 
the  Ardath  Shale  (“Domengine  Stage”)  near  San  Diego,  Cal- 
ifornia. Ostrea  stewarti  may  also  be  present  in  the  “Transi- 
tion”-age  Ectinochilus  supraplicatus  fauna  in  the  Pine  Moun- 
tain area,  California,  in  strata  lithologically  similar  to  the 
tidal-flat  deposits  in  the  Whitaker  Peak  area  (Givens,  1986, 
pers.  commun.). 

Although  the  tidal-flat  deposits  of  the  Matilija  Sandstone? 
in  the  Whitaker  Peak  area  cannot  be  as  confidently  dated  as 
the  underlying  strata,  a “Domengine”  age  is  used  in  this 
report.  With  future  work,  the  tidal-flat  deposits  may  prove 
to  be  partially  “Transition”  in  age. 

The  molluscan  assemblage  in  the  upper  400  m of  the  Juncal 
Formation  and  the  overlying  Matilija  Sandstone?  delta-front 
and  tidal-flat  deposits  is  herein  referred  to  as  the  Turritella 
uvasana  applinae  fauna  (Fig.  3).  This  name  is  chosen  because 
this  taxon  is  both  confined  to  and  fairly  common  in  most  of 
the  strata. 

Three  microfossil  samples  from  fine-grained  deposits  in 
the  lower,  middle,  and  upper  parts  of  the  tidal-flat  deposits 
were  analyzed  for  calcareous  nannofossils,  as  well  as  for 
planktonic  and  benthic  foraminifera,  but  were  barren  (File- 
wicz, 1986,  pers.  commun.;  Thornton,  1986,  pers.  com- 
mon.). 

No  fossils  were  found  in  the  braided-river  deposits,  but  a 
“Domengine”  age  is  tentatively  assigned  because  the  deposits 
interfinger  with  the  “Domengine”-age  tidal-flat  deposits  (Fig. 
3). 

CORRELATION 

The  silstone  unit  in  the  lower  part  of  the  Eocene  section  in 
the  Whitaker  Peak  area  is  most  similar  to  the  Juncal  Eor- 
mation  in  terms  of  stratal  position,  lithology,  age,  and  pa- 
leoenvironments.  The  type  section  of  the  Juncal  is  just  east 
of  Agua  Caliente  Canyon  in  the  Santa  Ynez  Range,  north  of 
Santa  Barbara,  California  (Page,  Marks,  and  Walker,  1951). 

The  base  of  the  Juncal  Eormation  at  the  type  section  is 
marked  by  an  unconformity  associated  with  a major  trans- 
gressive-marine event  that  affected  the  basin  of  deposition; 
namely,  the  Eocene  Santa  Ynez  basin  (Page,  Marks,  and 
Walker,  1951;  van  de  Kamp  et  al.,  1974).  This  basin  was  a 
north-trending,  elongate  trough  that  was  rotated  90°  during 
the  Neogene  to  its  current  west-trending  position  (Nilsen  and 
Mckee,  1979;  Link  and  Welton,  1 982;  Luyendyk,  1986).  The 
lower  member  of  the  J uncal  Formation  consists  of  few  meters 
of  mollusc-bearing  and  discocyclinid-bearing  lenticular. 


nearshore  sandstone  overlain  by  266  m of  neritic  zone  brown 
silty  shale  with  a high  content  of  carbonized  plant  fragments 
(Page,  Marks,  and  Walker,  1951;  Dibblee,  1 966).  The  second 
member  consists  of  292  m of  shale  with  some  sandstone. 
The  third  and  uppermost  member  of  the  Juncal  Formation 
at  the  type  section  consists  of  488  m of  shale  with  some 
sandstone  (Dibblee,  1966).  Most  of  the  Juncal  Formation  in 
the  vicinity  of  the  type  section  represents  deep-water  turbi- 
dite  deposits  (van  de  Kamp  et  al.,  1974). 

Page,  Marks,  and  Walker  (1951)  assigned  the  lower  part 
of  their  Juncal  Formation  to  the  “Capay  Stage,”  based  on 
macrofossils  and  foraminifera.  The  middle  member  was  re- 
garded (Page,  Marks,  and  Walker,  1951;  Dibblee,  1966)  as 
middle  Eocene  in  age,  based  on  stratigraphic  position. 

The  type  Juncal  and  the  siltstone  unit  in  the  Whitaker  Peak 
area  correlate  well  in  terms  of  an  unconformity  at  the  base, 
overall  silty  aspect  of  the  strata,  age,  and  shallow-marine 
basal  part  of  section  overlain  by  deeper  water  turbidite  de- 
posits. Also,  the  Matilija  Sandstone  overlies  the  Juncal  For- 
mation at  the  type  section  of  the  Juncal,  and  the  Matilija 
Sandstone?  (or,  at  least,  a coeval  lateral  equivalent)  overlies 
the  siltstone  unit  in  the  Whitaker  Peak  area.  Based  on  these 
similarities,  it  is  concluded  that  this  siltstone  unit  is  assign- 
able to  the  Juncal  Formation.  In  addition,  the  following  fos- 
sils occur  in  both  areas:  Pseudophragniina  (Pseudophrag- 
niina),  Rotularia  (Rotularia)  tejonense,  Pachycrommiiim 
clarki.  Fimbria  [=Corbis],  and  Plicatiila.  The  similarity  in 
fossils  is  even  stronger  when  one  considers  that  Eocene  Pli- 
catiila  and  Fimbria  have  not  been  found  anywhere  else  on 
the  West  Coast  except  in  these  two  areas. 

The  Whitaker  Peak  area  is  74  km  (46  mi.)  east  of  the  type 
section  of  the  Juncal  Formation.  Such  a distance  is  not  un- 
usual in  terms  of  lateral  extent  for  the  Juncal  Formation. 
According  to  Dibblee  ( 1 966)  and  Dickinson  ( 1 969),  south  of 
its  type  section,  the  Juncal  Formation  crops  out  continuously 
for  a distance  of  8 1 km  (50  mi.)  between  the  Santa  Barbara 
area  and  Devils  Heart  Peak,  5 km  (3  mi.)  southeast  of  Sespe 
Hot  Springs,  Pine  Mountain  area.  The  Juncal  exposures  in 
the  Devils  Heart  Peak  area  are  14.5  km  (9  mi.)  due  west  of 
Piru  Creek,  Whitaker  Peak  area. 

The  presence  of  the  Juncal  Formation  in  the  Whitaker  Peak 
area  dictates  that  the  Santa  Ynez  basin  extended  into  this 
area.  How  much  farther  east  it  extended  beyond  the  Whitaker 
Peak  area  is  not  known  because  of  probable  truncation  by 
the  San  Gabriel  fault  which  lies  2.5  km  (1.5  mi.)  east  of  the 
Whitaker  Peak  area. 

The  sandstone  unit  in  the  upper  part  of  the  Eocene  section 
in  the  Whitaker  Peak  area  is  most  similar  to  the  Matilija 
Sandstone  in  terms  of  stratal  position,  lithology,  age,  and 
paleoenvironment.  The  type  section  of  the  Matilija  Sand- 
stone is  near  Matilija  Springs  in  the  Santa  Ynez  Range,  north 
of  Ojai,  California  (Kerr  and  Schenck,  1928). 

The  Matilija  Sandstone  at  the  type  section  is  800  m thick 
and  is  transitional  with  the  underlying  Juncal  Formation. 
The  Matilija  Sandstone  records  a major  regressive  event  in 
the  Santa  Ynez  basin  in  which  deep-sea  sand-fan  turbidites 
were  deposited  and  subsequently  covered  by  shallow-marine 
and  coastal  deposits  (van  de  Kamp  et  al.,  1974;  Link  and 
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Welton,  1982).  Link  and  Welton  (1982)  reported  a middle 
Eocene  (Ulatisian)  age  for  at  least  the  lower  half  of  the  Ma- 
tilija  Sandstone,  based  on  benthic  foraminifera,  and  a middle 
Eocene  (PI  1 and  PI 2 zones)  age  for  the  overlying  Cozy  Dell 
Formation,  based  on  benthic  and  planktonic  foraminifera 
(Fig.  5). 

The  type  Matilija  Sandstone  and  the  sandstone  unit  in  the 
Whitaker  Peak  area  correlate  well  in  terms  of  the  transitional 
nature  with  the  underlying  Juncal  Formation,  sandstone  li- 
thology, age,  and  shallow-marine/coastal  deposits  associated 
with  a regression  of  the  sea.  The  deep-sea  sand-fan  turbidites, 
however,  are  lacking  in  the  lower  part  of  the  sandstone  unit 
in  the  Whitaker  Peak  area.  Baed  on  the  similarities,  it  is 
concluded  that  the  sandstone  unit  in  the  upper  part  of  the 
Whitaker  Peak  area  is  tentatively  assignable  to  the  Matilija 
Sandstone. 

The  Whitaker  Peak  area  is  55  km  (34  mi.)  east  of  the  type 
section  of  the  Matilija  Sandstone.  According  to  Link  and 
Welton  ( 1 982),  the  Matilija  Sandstone  is  fairly  extensive  and 
forms  prominent  strike  ridges  in  the  Santa  Ynez  Mountains 
for  more  than  77  km  (48  mi.).  The  basin  of  deposition  may 
have  been  at  least  200  km  (125  mi.)  long  (Link  and  Welton, 
1982).  According  to  Dickinson  (1969),  the  Matilija  Sand- 
stone can  be  traced  from  its  type  section  area  to  the  Sespe 
Creek  area  immediately  north  of  the  town  of  Fillmore,  Cal- 
ifornia, which  is  19  km  (12  mi.)  southwest  of  Bluepoint 
Campground  (Fig.  1),  Whitaker  Peak  area.  Eschner  (1969) 
used  the  name  “Topatopa  Sandstone”  for  the  Matilija  Sand- 
stone in  the  vicinity  of  Fillmore.  According  to  Wilmarth 
(1938),  however,  the  name  “Topatopa  Sandstone”  was  re- 
jected for  use  in  the  classification  of  the  United  States  Geo- 
logical Survey. 

The  Eocene  strata  in  the  Whitaker  Peak  area  are  strikingly 
similar  lithologically,  paleontologically,  and  paleoenviron- 
mentally  to  the  lower  two-thirds  of  the  Eocene  section  in  the 
Pine  Mountain  area,  especially  near  Sespe  Hot  Springs,  26 
km  (16  mi.)  to  the  west  of  the  Whitaker  Peak  area.  Givens 
(1974)  assigned  the  bulk  of  the  Eocene  section  in  the  Pine 
Mountain  area  to  the  Juncal  Formation.  His  assignment  was 
based  on  lithologic  and  stratigraphic  position  similarities  to 
the  Juncal  Formation  elsewhere  in  the  Transverse  Ranges. 

As  with  the  Whitaker  Peak  area,  the  base  of  the  Juncal 
Formation  in  the  Pine  Mountain  area  is  marked  by  an  un- 
conformity on  pre-Tertiary  granitic  rocks,  and  a thin,  basal 
conglomerate  bed  of  locally  derived  detritus  is  in  depositional 
contact  with  the  basement.  In  the  lower  1 50  m of  the  over- 
lying  inner  sublittoral  mudstone  with  minor  sandstone,  there 
are  molluscan  assemblages  (Jestes,  1963;  Givens,  1974)  that 
Givens  (1974)  assigned  to  his  Turritella  iivasana  infera  fauna 
(“Capay  Stage”)  (Fig.  5).  Many  of  the  fossils  that  characterize 
his  fauna  are  conspecific  with  those  in  the  Turritella  uvasana 
fauna  of  the  Whitaker  Peak  area.  The  most  notable  taxa 
are  Pseudophragmina  (Pseudophragmina),  Clavilithus  tab- 
iilatus,  Turritella  andersoui,  Turritella  uvasana  infera.  Ve- 
lates perversus,  Miltha  packi.  Ostrea  haleyi,  Pholadomya  (Bu- 
cardiomya)  givensi.  and  Venericardia  (Pacificor)  hornii 
lutmani.  Jestes  ( 1 963)  also  reported  Campanile  sp.  and  Lyr- 
ischapa  sp.  [=  Volutocristata]  from  the  lower  part  of  the  mud- 


stone in  the  Pine  Mountain  area,  and  these  taxa  help  char- 
acterize the  lower  part  of  the  Juncal  Formation  in  the  Whitaker 
Peak  area.  Jestes  (1963)  and  Givens  (1974)  reported  that 
Velates  perversus  is  locally  very  abundant  in  the  Pine  Moun- 
tain area,  a situation  that  occurs  also  in  the  Whitaker  Peak 
area. 

Upsection  in  the  Pine  Mountain  area,  there  is  a thick  in- 
terval of  deltaic,  fossiliferous  medium  to  coarse  sandstone 
that,  like  the  comparable  Matilija  Sandstone?  in  the  Whitaker 
Peak  area,  is  extensively  bioturbated  and  in  the  upper  part 
contains  red-and-green  siltstone  beds.  Givens  (1974)  consid- 
ered this  sandstone  in  the  Pine  Mountain  area  to  be  part  of 
the  Juncal  Formation  and  assigned  the  molluscs  in  the  sand- 
stone to  his  Turritella  uvasana  applinae  fauna  (“Domengine 
Stage”)  (Fig.  5).  Many  of  the  fossils  that  characterize  his  fauna 
are  conspecific  with  those  in  the  Turritella  uvasana  applinae 
fauna  of  the  Matilija  Sandstone?  in  the  Whitaker  Peak  area. 
The  most  notable  species  are  Pseudoperissolax  blakei  prae- 
blakei,  Proximitral  cretacea.  Turritella  uvasana  applinae, 
Glycymeris  (Glycymeris)  rosecanyonensis,  and  Pitar  (La- 
melliconcha)  joaquinensis. 

Filewicz  (1986,  pers.  commun.,  see  “Age”  section  of  this 
present  report)  studied  the  calcareous  nannofossil  assem- 
blages of  the  Juncal  Formation,  Whitaker  Peak  area,  and 
Filewicz  and  Hill  (1983)  also  studied  the  calcareous  nan- 
nofossil assemblages  of  the  Llajas  Formation,  Simi  Valley, 
California.  Filewicz  (1986,  pers.  commun.)  concluded  that 
1 ) the  calcareous  nannofossils  from  the  lower  1 50  m of  the 
Juncal  Formation  in  the  Whitaker  Peak  area  are  older  than 
those  recovered  from  the  “Capay  Stage”  portion  of  the  Llajas 
Formation  (100  m above  the  base),  and  2)  at  150  m above 
the  base  of  the  Juncal  Formation  in  the  Whitaker  Peak  area 
(i.e.,  microfossil  locality  CN3),  the  calcareous  nannofossils 
are  age  equivalent  or  slightly  older  than  the  “Capay  Stage” 
portion  of  the  Llajas  Formation  (Fig.  5). 

The  Turritella  uvasana  applinae  fauna  of  the  Whitaker 
Peak  area  is  time  correlative  to  the  remaining  portion  (“Do- 
mengine Stage”)  of  the  Llajas  Formation  (Squires,  1984). 

Suggested  correlations  of  the  Whitaker  Peak  Eocene  sec- 
tion with  additional  representative  Eocene  sections  on  the 
West  Coast  are  shown  in  Figure  5.  According  to  Miles  (198 1), 
the  early  Eocene  Lookingglass  Formation  in  southwestern 
Oregon  (Fig.  5,  column  7)  includes  the  often-quoted  Glide 
section  macrofauna  that  was  illustrated  and  described  by 
Turner  (1938). 

PALEOCLIMATE 

During  the  Paleocene  and  Eocene,  the  world  climate  was 
relatively  warm  and  equable  although  there  were  important 
cool  intervals  in  the  middle  Paleocene  and  middle  Eocene 
(Kennett,  1982;  Siesser,  1984).  During  the  Paleocene  and 
Eocene,  mixed  conifer-hardwood  and  deciduous-hardwood 
forests  blanketed  the  arctic  region  (Axelrod,  1984).  Eocene 
laterites,  indicative  of  very  warm,  very  wet  environments 
also  have  been  found  on  the  Siberian  platform  (Parrish,  Zie- 
gler, and  Scotese,  1982).  Early  Eocene  shallow-marine  faunas 
from  Ellesmere  Island  (79°30'N),  Alaska  (72°N),  and  Spits- 
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bergen  trough  (78°N)  indicate  that  temperate  conditions  pre- 
vailed at  that  time  in  the  high  Arctic  (Marincovich  and  Zins- 
meister,  1985).  West  Coast  Eocene  macrofaunas  have  long 
been  assigned  to  tropical  or  subtropical  environments  (Ar- 
nold, 1909;  Dickerson,  1917a;  Smith,  1919;  Clark  and  Yokes, 
1936;  Berthiaume,  1938;  Yokes,  1940;  Durham,  1950; 
Squires,  1984). 

A worldwide  late  Paleocene  warming  trend  culminated  in 
a period  of  peak  warming  during  the  early  Eocene  (Haq  et 
ah,  1977;  Kennett,  1982).  According  to  Erakes  (1979)  and 
Haq  (1981),  the  early  Eocene  was  the  warmest  interval  of 
the  Cenozoic.  The  Arctic  waters  were  essentially  isolated, 
and  the  circum-Antarctic  current  had  not  yet  formed.  There 
was  little  mixing  of  the  cooler  polar  waters  with  the  warmer 
ocean  waters  elsewhere  in  the  world,  hence,  the  equator-to- 
pole  gradient  was  low  (Stanley,  1986).  Mild  climates  were 
the  norm,  there  were  no  polar  ice  caps,  and  the  mean  annual 
temperature  was  approximately  21°C  (70°F)  (Berggren  and 
Hollister,  1974). 

During  the  early  Eocene,  tropical  conditions  existed  as  far 
north  as  southern  England  (Berggren  and  Hollister,  1974; 
Plaziat,  1981).  According  to  Berggren  and  Hollister  (1974), 
who  corrected  for  continental  drift,  the  Eocene  marine  trop- 
ical zone  extended  to  about  latitude  50°N  on  the  Pacific  Coast 
of  North  America  (Eocene  paleolatitude  of  about  45°N)  and 
to  about  latitude  60°N  on  the  west  coast  of  Europe  (Eocene 
paleolatitude  of  about  50°N).  According  to  Zinsmeister  (1985), 
temperate  climatic  conditions  were  present  as  far  south  as 
Seymour  Island,  Antarctic  Peninsula  (68°18'S)  during  the 
early  Tertiary. 

The  equable  Eocene  conditions  ceased  in  late  Eocene 
through  early  Oligocene  time  with  the  appearance  of  a world- 
wide cooling  trend.  This  cooling  was  associated  with  the 
development  of  circum-Antarctic  circulation,  as  well  as  with 
flowage  of  Arctic  Ocean  waters  into  the  Atlantic.  The  cooling 
caused  the  tropical  zone  to  retreat  toward  the  equator  as  the 
equator-to-pole  temperature  gradients  increased  (Kennett  et 
al.,  1975;  Kennett,  1982;  Zinsmeister,  1982;  Stanley,  1986). 

As  previously  discussed,  the  marine-mollusc-bearing  por- 
tion of  the  Juncal  Formation  in  the  Whitaker  Peak  area  was 
deposited  during  the  early  Eocene  and  shortly  thereafter.  The 
deposition  coincided  with  the  peak  warm  interval  of  the 
Cenozoic,  and  the  macrofossil  evidence  strongly  supports  the 
presence  of  tropical/subtropical  waters  in  this  area  at  that 
time. 

The  Twritella  uvasana  infera  fauna  (early  Eocene  “Capay 
Stage”  of  the  Juncal  Formation  in  the  Whitaker  Peak  area 
contains  the  following  molluscs  which  have  been  widely  rec- 
ognized (Gardner,  1912,  1931;  Yokes,  1935;  Clark  and  Yokes, 
1936;  Gardner  and  Bowles,  1939;  Wrigley,  1942;  Palmer  and 
Richards,  1954;  Palmers,  1957,  1967;  Adegoke,  1972,  1977; 
Squires,  1985,  1986)  as  positive  indicators  of  Eocene  Old 
World  Tethyan-alfinity  paleoenvironmental  conditions  (i.e., 
warm  waters);  Campanile,  Gisortia,  Lyria,  Velates  perversus. 
Fimbria,  and  Venericardia  (Pacificor).  The  T.  uvasana  infera 
fauna  also  contains  the  following  Old  World  Tethyan  gas- 
tropod genera  that  Davies  ( 1 975)  and  Squires  ( 1 986)  reported 
as  originating  in  the  Pakistan  part  of  the  ancient  Tethys  Sea 


(i.e.,  the  Tethys  Sea  extended  from  Indonesia  through  the 
present  Mediterranean  region):  Apiotoma,  Athleta,  Clavi- 
lithes.  Cryptoconus.  Eopleiirotonia,  Pachycrommium,  Pleu- 
rofusia,  Strepsidura.  and  Streptochetus.  In  addition,  the  T. 
uvasana  infera  fauna  also  contains  the  following  extant  mol- 
luscs whose  modern  forms  are  most  frequently  found  today 
(Nicol,  1950;  Cox  and  Hertlein,  1969;  Jackson,  1970;  Ken- 
nedy, Morris,  and  Taylor,  1970;  Hertlein  and  Grant,  1972; 
Squires,  1984)  in  tropical/subtropical  waters:  Architectonica, 
Calyptraea,  Conus.  Fusiturricula,  Olivella.  Phalium  (Semi- 
cassis). Pseudoliva,  Twritella.  Barbatia,  Brachidontes,  Cal- 
lista  (Costacallista).  Chama,  Corbula  (Caryocorbula),  Gari, 
Glycymeris,  Miltha,  Nemocardium,  Pitar  (Lamelliconcha), 
Plicatula,  and  Solena.  The  taxa  Fusiturricula,  Pseudoliva, 
Pitar  (Lamelliconcha),  and  Solena  are  particularly  significant 
as  they  are  confined  to  tropical  waters  only. 

A few  specimens  of  the  hermatypic  colonial  scleractinian 
coral  Astrocoenia  also  were  found  in  the  T.  uvasana  infera 
fauna.  Today,  this  coral  genus  lives  only  in  the  West  Indies 
and  is  a reef  dweller  in  shallow  tropical  seas  (Durham,  1 942a). 
According  to  Durham  (1942a),  this  coral  indicates  tropical 
rather  than  subtropical  waters. 

Several  of  the  extinct  genera  of  the  T.  uvasana  infera  fauna, 
including  Pseudophragmina  (Pseudophragmina)  (i.e.,  a dis- 
cocyclinid  foraminifera),  Cliedevillia,  Ectinochilus  [=Riniel- 
la],  Eocernina,  Eicopsis.  and  Lyrischapa.  have  been  found 
to  be  tropical  to  subtropical  in  their  distribution  or  have 
modern  analogues  that  live  in  such  waters  (Durham,  1950; 
Givens,  1974,  1979). 

Other  mollusc-bearing  strata  of  “Capay”  age  on  the  West 
Coast  are  also  tropical  to  subtropical  in  their  paleoenviron- 
ment  (Durham,  1950).  Such  strata  have  been  found  as  far 
north  as  the  southern  end  of  Yancouver  Island.  In  addition 
to  the  molluscs,  reef  corals,  discocyclinids,  brachiopods,  and 
coralline  algae  are  present. 

A very  small  percentage  of  the  T.  uvasana  infera  fauna  in 
the  Whitaker  Peak  area  has  a cooler  water  aspect  to  it.  Acan- 
thocardia  is  most  commonly  found  in  warm  temperate  seas 
today.  Neverita  (Glossaulax),  the  closest  relative  to  the  Pa- 
leogene Neverita  (Neverita)  globosa  (Givens  and  Kennedy, 
1976;  Marincovich,  1977),  occurs  mainly  in  temperate  waters 
but  also  ranges  into  the  tropical  Panamic  province  (Marin- 
covich, 1977).  Although  Pholadomya  (Bucardiomya)  is  ex- 
tinct, Pholadomya  s.s.  is  extant.  According  to  Zinsmeister 
(1986,  pers.  commun.),  Pholadomya  s.s.  is  known  only  from 
a single  specimen  from  the  deep  waters  of  the  Caribbean, 
and  although  several  Pholadomya-Vike  taxa  occur  in  Antarc- 
tic waters  today  they  are  not  Pholadomya  s.s. 

The  Twritella  uvasana  applinae  fauna  of  the  late  early 
through  early  middle  Eocene  (“Domengine  Stage”)  Matilija 
Sandstone?  in  the  Whitaker  Peak  area  contains  only  two 
Tethyan-alfinity  molluscs;  Pachycrommium  and  Pleurofusia. 
It  contains,  nevertheless,  the  following  extant  molluscs  whose 
modern  forms  are  most  frequently  found  today  (Hertlein  and 
Grant,  1972;  Squires,  1984)  in  tropical/subtropical  waters: 
Ancilla,  Calyptraea.  Conus.  Eusitiirricula,  Merit  a.  Olivella, 
Phalium  (Semicassis),  Polinices  (Euspira),  Sinum,  Twritella. 
Brachidontes,  Callista  (Costacallista),  Corbula  (Caryocor- 
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bula),  Gari,  Glycymeris,  Ostrea,  Nemocardium,  and  Pitar 
(Lamelliconcha).  The  taxa  Ancilla,  Fusitwricula,  and  Pi- 
tar (Lamelliconcha)  are  particularly  significant  as  they  are 
confined  to  tropical  waters  only. 

Several  of  the  extinct  genera  of  the  T.  uvasana  applinae 
fauna,  including  Ectinochilus  [=Riniella],  Eocernina,  Eicop- 
sis.  and  Crassatella,  have  been  found  to  be  tropical  to  sub- 
tropical in  their  distribution  or  have  modern  analogues  that 
live  in  such  waters  (Durham,  1950;  Givens,  1974). 

As  with  the  T.  uvasana  infera  fauna,  a very  small  per- 
centage of  the  T.  uvasana  applinae  fauna  in  the  Whitaker 
Peak  area  has  a cooler  water  aspect  to  it.  Acanthocardia  and 
AcHa  (Truncaci/a)  are  commonly  found  in  warm  temperate 
seas  today,  but  the  latter  can  range  into  cold  waters  (Schenck, 
1936;  Squires,  1984).  Spisula  is  commonly  found  today  in 
temperate  waters  (Abbott  and  Dance,  1982). 

PALEOBIOGEOGRAPHY 

The  Eocene  world  ocean  was  influenced  by  the  circulation 
patterns  established  during  the  Cretaceous  and  Paleocene. 
The  Tethys  Current  dominated  the  tropical  circulation  and 
flowed  westward  through  the  Tethys  Seaway  and  Central 
America  to  form  a circumglobal  tropical  current,  contrib- 
uting to  a widespread  dispersal  of  marine  biota  (Haq,  1981) 
and  a unification  of  faunas  (Davies,  1975). 

The  exact  position  of  where  the  portal  was  between  the 
Atlantic  and  Pacific  oceans  during  the  early  and  middle  Eocene 
is  not  known.  Clark  and  Yokes  (1936)  suggested  that  it  was 
in  Central  America.  Gardner  and  Bowles  (1934)  and  Mal- 
donado-Koerdell  (1950)  suggested  that  during  the  Eocene 
there  was  a portal  in  the  Isthmus  of  Tehuantepec  region, 
southern  Mexico.  They  based  their  suggestion  on  the  obser- 
vation that  Eocene  molluscs  at  the  Mexican  locality  showed 
affinities  to  California  molluscs  of  similar  age  (“Domengine 
Stage”).  Durham,  Arellano,  and  Peck  (1955),  after  a larger 
study  of  this  Mexican  fauna,  concluded  that  it  more  closely 
resembles  Caribbean-Gulf  of  Mexico  faunas  rather  than  Cal- 
ifornia faunas,  and  they  further  concluded  that  no  inter- 
oceanic  seaway  existed  in  the  Isthmus  of  Tehuantepec  during 
the  Cenozoic.  They  also  proposed,  but  with  no  supporting 
evidence,  that  the  seaway  may  have  been  through  the  north- 
western Colombia  or  Panamic  areas. 

Seas  did  cover  northwestern  Colombia  in  the  Eocene,  but 
if  there  was  any  interchange  between  Atlantic  and  Pacific 
waters  in  that  area,  the  effect  on  Californian  molluscan  faunas 
seems  to  have  been  minimal.  Clark  and  Durham  ( 1 946)  con- 
cluded this  after  a detailed  study  of  Eocene  molluscs  in  north- 
west Colombia.  They  reported  that  the  basins  of  deposition 
in  northwest  Colombia  and  Peru  were  fairly  well  isolated  in 
the  early  and  middle  Eocene  and  had  very  little  if  any  con- 
nection with  the  Caribbean  until  the  late  Eocene. 

Seas  did  cover  portions  of  Panama  in  the  early  and  middle 
Eocene  (Weyl,  1980).  A seaway  connection  is  possible,  but 
much  more  stratigraphic  and  paleontologic  work  are  needed 
to  confirm  this  possibility. 

Another  promising  possibility  of  where  the  seaway  was  is 
Costa  Rica.  In  the  Cordillera  de  Guanacoste  region  in  north- 


ern Costa  Rica  (Pacific  side),  there  is  a late  Paleocene  through 
Eocene  section  consisting  of  shallow-marine  reef  limestones 
(Bara  Honda  Formation)  and  reef  limestones  intercalated 
with  tuffaceous  arenites  (Brito  Formation).  The  Brito  For- 
mation continues  into  southwest  Nicaragua  (Weyl,  1980). 
Unfortunately,  the  same  sequence  cannot  be  found  on  the 
Atlantic  side  of  Costa  Rica,  but  future  paleontologic  work  in 
the  Cordillera  de  Guanacoste  region  may  prove  the  presence 
of  an  early  through  middle  Eocene  seaway  there.  As  will  be 
discussed  below,  there  are  strikingly  similar  molluscan  species 
(or,  in  one  case,  the  same  species)  in  the  California  Eocene 
and  Anglo-Paris  Basin  Eocene  deposits.  What  is  needed  is 
to  find  these  molluscs  in  the  Central  American  region. 

Clark  and  Yokes  (1936),  Yokes  (1939),  Givens  and  Ken- 
nedy (1976),  Givens  (1978),  and  Squires  and  Advocate  (1986) 
have  listed  a total  of  23  molluscan  species  from  the  “Capay” 
and  “Domengine”  “stages”  of  the  West  Coast  that  show 
affinities  with  molluscs  from  the  corresponding  Ypresian  and 
Lutetian  stages  of  the  Anglo-Paris  Basin  Eocene.  Nine  of 
these  species  are  present  in  the  Turritella  uvasana  infera  fau- 
na of  the  Whitaker  Peak  area;  namely,  Chedevillia  saltonen- 
sis,  Clavilithes  tabulatus.  Cryptochorda  {Cryptochorda)  cali- 
fornica,  Cryptoconus  cooperi,  Eusiturricula  (Crenaturricula) 
crenatospira,  Gisortia  clarki,  Lyria  andersoni,  and  Turritella 
andersoni.  Nine  additional  molluscan  species  from  the  T. 
uvasana  infera  fauna  of  the  Whitaker  Peak  area  that  show 
very  close  affinities  with  certain  Paris  Basin  Eocene  species 
are  the  following;  Apiotoma  californiana  new  species,  Be- 
noistia  cantonensis  new  species,  Eopleurotoma  whitaker- 
peakensis  new  species.  Hemitonia  (Montfortia)  cantonensis 
new  species,  Monodonta  (I ncisilabiuml)  piruensis  new  species, 
IPseudovertagus  (Pseudoaluco)  sp.,  Streptochetus  califor- 
niana new  species,  Chama  piruensis  new  species,  and  Pli- 
catula  juncalensis  new  species.  See  the  “Systematic  Paleon- 
tology” section  of  this  present  report  for  the  names  and 
comparisons  of  the  corresponding  Paris  Basin  species. 

Two  macrofossil  species  from  the  T.  uvasana  infera  fauna 
of  the  Whitaker  Peak  area  that  show  very  close  affinities  with 
certain  West  Indies  Eocene  species  are  Eimbria  new  species? 
and  the  colonial  coral  Astrocoenia  new  species?.  Eimbria  new 
species?  also  is  similar  to  a southeastern  United  States  Eocene 
species.  Two  additional  molluscan  species  from  the  T.  uva- 
sana infera  fauna  that  also  show  very  close  affinities  with 
certain  southeastern  United  States  late  Paleocene  and  Eocene 
species  are  Athleta  roddai  new  species  and  Plicatula  junca- 
lensis new  species.  See  the  “Systematic  Paleontology”  section 
for  the  names  and  comparisons  of  the  corresponding  south- 
eastern United  States  forms. 

The  distribution  of  the  discocyclinid  foraminifera  Pseu- 
dophragmina  (Pseudophragmina)  clarki  is  additional  evi- 
dence of  the  inter-oceanic  seaway.  This  species  has  been 
found  in  Florida,  Mexico,  Cuba,  Trinidad,  and  Jamaica,  as 
well  as  in  Peru  through  southwestern  Oregon  (Cole,  1958, 
1969;  Cole  and  Applin,  1964;  Blondeau  and  Brabb,  1983; 
Squires,  1984).  On  the  West  Coast,  it  ranges  from  the  “Ca- 
pay” through  the  “Domengine”  “stages”  (Squires,  1984). 
Specimens  of  Pseudophragmina  {Pseudophragmina)  occur  in 
the  lower  portion  of  the  transgressive-phase  transition-zone 
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deposits  of  the  Juncal  Formation  in  the  Whitaker  Peak  area, 
but  preservation  is  too  poor  to  allow  specific  identification. 

The  most  important  molluscan  species  used  as  evidence 
of  a seaway  connection  in  the  tropical  Central  American 
region  is  the  neritid  gastropod  Velates  perversiis.  It  is  pre- 
dominantly Tethyan  in  its  distribution  and  has  been  found 
in  southern  and  central  California,  as  well  as  in  Pakistan  (its 
homeland),  India,  Burma,  Tibet,  Iraq,  Iran,  the  Mediterra- 
nean region,  Madagascar,  Sudan,  Nigeria,  southern  France, 
the  Paris  Basin,  Hungary,  Bavaria,  Switzerland,  Florida,  Ja- 
maica, and  possibly  Panama  (Vokes,  1 935;  Clark  and  Yokes, 
1936;  Joleaud,  1939;  Fames,  1952;  Palmer,  1967;  Davies, 
1975;  Squires,  1984,  1986;  Woods  and  Saul,  1986).  Velates 
perversiis  is  locally  very  common  in  the  T.  uvasana  infera 
fauna  of  the  Whitaker  Peak  area.  Elsewhere  in  California  it 
is  also  of  “Capay”  age,  except  in  the  Avenal  Sandstone  oc- 
currence near  Coalinga,  central  California,  where  it  is  of  low- 
ermost “Domengine”  age  (Vokes,  1935).  This  species  made 
its  first  appearance  in  the  Upper  Ranikot  beds,  Pakistan  (Da- 
vies, 1975).  According  to  Hasson  (1985),  these  strata  are 
assignable  to  an  early  Eocene  age. 

Accompanying  the  arrival  of  V.  perversiis  into  Californian 
waters  were  additional  Old  World  Tethyan  gastropods; 
namely,  Athleta,  Clavilithes,  Eopleurotoma,  Pachycrom- 
miiiin,  and  Streptochetus  (Squires,  1986),  as  well  as  Conus 
and  Phalium  (Semicassis).  Most  originated  during  the  early 
Eocene  in  the  ancient  equatorial  Tethys  Sea  in  southern  Pa- 
kistan, west  of  Hyderabad,  and  have  been  found  in  the  early 
Eocene  Upper  Ranikot  beds  (Cossmann  and  Pissarro,  1909; 
Davies,  1975;  Hasson,  1985). 

The  striking  similarity  between  Athleta  roddai  new  species 
from  the  Whitaker  Peak  area  and  A.  tiioineyi  from  early 
Eocene  strata  in  the  Atlantic  and  Gulf  coastal  plains  of  south- 
eastern United  States  and  possibly  Chiapas,  Mexico,  indi- 
cates that  although  Athleta  may  have  originated  in  Pakistan, 
a Caribbean-influenced  Athleta  eventually  reached  Califor- 
nia. 

Adegoke  (1972,  1977)  reported  two  species  of  Clavilithes 
from  the  Ewekoro  Formation  (late  Paleocene)  of  southwest- 
ern Nigeria.  Evidently,  Clavilithes  originated  in  the  Tethys 
Sea  during  the  late  Paleocene  rather  than  early  Eocene. 

St repsidura  ficus'!  from  the  lower  Claiborne  Group  in  Tex- 
as bears  a remarkable  resemblance  to  the  California  species 
according  to  Palmer  and  Brann  ( 1 966).  These  strata  are  early 
to  middle  Eocene  in  age  (Siesser,  Fitzgerald,  and  Kronman, 
1985).  Unfortunately,  the  Texas  specimens  have  been  lost 
and  only  drawings  are  available.  If  the  specific  identification 
is  correct,  then  S.  ficus  is  the  only  species  known  to  be  com- 
mon between  the  Mississippi  and  California  areas  (Palmer 
and  Brann,  1966).  Davies  (1975)  reported  that  Strepsidura 
originated  in  Pakistan  in  the  Upper  Ranikot  beds,  now  re- 
garded as  early  Eocene  in  age  (Hasson,  1985).  Interestingly, 
however,  Palmer  and  Brann  (1966)  reported  the  occurrence 
of  Strepsidura  contorea  from  the  uppermost  Porters  Creek 
Formation  (upper  Midway  Group)  of  Alabama.  These  strata 
are  of  early  Paleocene  age  according  to  Siesser,  Fitzgerald, 
and  Kronman  (1985).  Adegoke  (1977)  reported  the  occur- 
rence of  Strepsidura  kerstingi  from  the  Ewekoro  Formation 


(late  Paleocene)  of  southwestern  Nigeria.  Evidently,  Strep- 
sidura originated  in  the  Tethys  Sea  region  during  the  early 
Paleocene  rather  than  early  Eocene  but  just  has  not  been 
found  in  the  Tethyan-region  Paleocene  section.  Stanton  ( 1 896) 
reported  Strepsidura  pacheocoensis  from  Paleocene  (“Mar- 
tinez Stage”)  strata  in  northern  California  (Keen  and  Bent- 
son,  1944). 

Arrival  of  the  Tethyan  gastropods  in  California  during  the 
early  Eocene  was  coincident  with  a major  global  sea-level 
rise  (TE1.2  cycle  of  Vail  and  Hardenbol,  1979)  (Fig.  4).  This 
sea-level  rise  was  also  coincident  with  the  transgressive  phase 
of  deposition  of  the  lower  part  of  the  Juncal  Formation  in 
the  Santa  Ynez  basin  (i.e.,  includes  the  Whitaker  Peak  area). 
Most  of  these  Tethyan  gastropods  were  fairly  widespread 
throughout  California  but  went  no  farther  north  than  Cali- 
fornia, except  for  Pachycrommium  which  went  as  far  north 
as  Washington.  The  Tiirritella  uvasana  infera  fauna  in  the 
Whitaker  Peak  area,  however,  is  the  only  one  in  which  they 
all  occur  together.  Most  of  these  genera  emigrated  southward 
out  of  the  California  area  by  the  end  of  early  middle  Eocene 
time,  except  for  Pachycrommium  and  Strepsidura.  which  left 
by  the  end  of  the  Eocene  (Squires,  1986).  West  Coast  Oli- 
gocene  reports  of  Strepsidura  (Keen  and  Bentson,  1944)  are 
incorrect  because  S’,  californica  actually  belongs  in  Siphon- 
alia  (Clark  and  Woodford,  1927;  Ruth,  1942),  and  S.  lin- 
colnensis  lorenzana  does  not  belong  in  Strepsidura  (Clark 
and  Woodford,  1927). 

Additional  Old  World  Tethyan-affinity  molluscan  genera 
entered  Californian  waters  during  the  early  Eocene.  These 
genera  are  Amaurellina,  Benoistia,  Crepidula,  Ectinochilus, 
Hemitonia  (Montfortia),  Lyrischapa,  Monodonta,  Paraser- 
aphs,  'IPseudovertagus  (Pseudoaluco),  IPyramidella  [=Sv/'- 
nola],  Sinum,  Barbatia.  Chama,  Callista  (Costacallista),  and 
Tellina  (Macaliopsis).  None  of  these  genera  has  been  reported 
from  West  Coast  strata  older  than  the  “Capay  Stage.”  Pa- 
leobiogeographic  details  concerning  these  genera  are  limited, 
and  their  point(s)  of  origin  are  imperfectly  known.  Most  can 
be  traced  back,  at  least,  to  the  Paris  Basin  (Cossmann  and 
Pissarro,  1910-1913;  Wenz,  1940;  Kennedy,  Morris,  and 
Taylor,  1970;  Bernard,  1976;  Houbrick,  1978).  Lyrischapa 
may  have  had  a Caribbean  origin  (Givens,  1979). 

Four  other  genera  might  possibly  be  added  to  the  above 
list,  but  there  are  imprecise  or  nonexistent  locality  descrip- 
tions concerning  their  earliest  occurrence  on  the  West  Coast. 
These  genera  are  the  calcareous  annelid  tube  Rotularia  (Rot- 
ularia),  and  the  molluscs  Chedevillia.  Cryptochorda,  and  Fu- 
siturricula. 

Fimbria  was  reintroduced  to  the  West  Coast  during  the 
early  Eocene  “Capay”  time  after  having  been  present  in 
southern  California  in  the  Late  Cretaceous  (Dawson,  1978). 
Glyptoactis  (Glyptoactis)  originated  on  the  West  Coast  during 
“Capay”  time,  and  Pro.ximitra?  possibly  originated  on  the 
West  Coast  during  “Domengine”  time  (Squires,  1984).  Hil- 
gardia,  a North  American  bivalve,  is  known  from  older 
Eocene  strata  on  the  West  Coast  than  on  the  East  Coast 
(Palmer  and  Brann,  1965).  Glycymeris  (Claibornicardia),  a 
European  and  North  American  bivalve,  is  also  known  from 
older  Eocene  strata  on  the  West  Coast  than  on  the  East  Coast 
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(Stenzel,  Krause,  and  Twining,  1 957).  With  future  work  both 
of  these  taxa  will  probably  be  found  in  early  Eocene  strata 
in  the  southeastern  United  States. 

The  majority  of  the  macrofauna  genera  of  the  Juncal  For- 
mation in  the  Whitaker  Peak  area  were  already  present  on 
the  West  Coast  by  “Capay”  time.  Several  species,  in  addition, 
were  carryovers  from  earlier  times.  Calyptraea  diegoana, 
Crommium  pinyonensis,  Polinices  (Enspira)  nuciformis, 
Pseiidoperissola.x  b/akei  praeblakei,  OHvella  mathewsonii, 
Scaphander  (Mirascapha)  costatus,  Surcidites  mathewsonii, 
Acila  (Truncacila)  decisa,  and  Nemocardium  linteum  have 
been  reported  from  late  Paleocene  “Martinez  Stage”  strata 
on  the  West  Coast  (Nelson,  1925;  Weaver,  1953;  Smith, 
1975;  Zinsmeister,  1974,  1983a;  Marincovich,  1977).  Cryp- 
toconus  coopen,  Galeodea  (Gomphopages)  nieganosensis, 
Neverita  (Neverita)  globosa,  Tunitella  uvasana  inj'era,  Brach- 
idontes  (Brachidontes)  cowlitzensis,  and  possibly  Turritella 
andersoni  have  been  reported  from  late  Paleocene-early 
Eocene  “Meganos  Stage”  strata  on  the  West  Coast  (Clark 
and  Woodford,  1927;  Clark,  1929;  Givens,  1974;  Marinco- 
vich, 1977;  Saul,  1983). 

The  Tethyan  molluscs  Apiotoma,  Campanile,  Gisortia, 
Lyria,  Pteurofusia,  and  1 'enericardia  (Pacificor)  also  occur  in 
the  early  Eocene  portion  (“Capay  Stage”)  of  the  Juncal  For- 
mation in  the  Whitaker  Peak  area,  but  they  arrived  in  Cal- 
ifornia during  the  Paleocene  (Hanna  and  Hertlein,  1939; 
Smith,  1975;  Saul,  1 983;  Zinsmeister,  1974,  1983a). 

In  summary,  there  was  a considerable  influx  of  molluscs 
and  other  marine  organisms  into  western  North  America 
during  early  Eocene  (“Capay”)  time.  About  eight  Old  World 
Tethyan  genera  (and  one  species)  and  about  19  other  Old 
World  Tethyan-alTmity  genera  of  molluscs  immigrated  into 
the  West  Coast  region  by  way  of  southern  Central  America. 
Many  of  the  species  of  these  genera,  as  well  as  some  of  the 
species  of  genera  already  present  on  the  West  Coast,  show 
close  affinities  with  Anglo-Paris  Basin  species.  Only  a few  of 
the  genera  that  arrived  on  the  West  Coast  in  “Capay”  time 
show  Caribbean  influences.  A few  taxa  originated  on  the  West 
Coast  during  this  time,  one  genus  was  reintroduced,  and 
several  species  were  Paleocene  relicts. 

This  “Capay”  influx  coincided  with  a global  sea-level  rise 
and  possibly  the  warmest  time  of  the  Cenozoic.  This  pulse 
of  immigration  was  probably  similar  to  an  earlier  one  that 
took  place  on  the  West  Coast  during  late  Paleocene  (“Mar- 
tinez Stage”)  time,  according  to  Zinsmeister  (1983a).  Another 
pulse  of  immigration  took  place  during  late  early  through 
early  middle  Eocene  (“Domengine  Stage”)  (Squires,  1984), 
but  it  was  not  as  extensive  as  the  earlier  two. 

METHODS  AND  SYSTEMATIC  MATERIALS 

From  1974  through  1975,  the  Matilija  Sandstone?  was  geo- 
logically mapped  by  the  author  during  the  course  of  teaching 
an  advanced  field-geology  class  of  California  State  Univer- 
sity, Northridge.  During  that  time,  about  300  specimens  of 
macrofossils  were  collected  from  10  localities.  These  collec- 
tions formed  the  basis  for  a preliminary  faunal  list  (Squires, 
1977)  of  the  sparsely  fossiliferous  Matilija  Sandstone?.  From 


1984  through  1985,  the  Juncal  Formation  was  geologically 
mapped  by  the  author,  and  an  intensive  and  meticulous  search 
of  the  formation  was  undertaken  for  macrofossils.  About 
2000  specimens  were  obtained  from  60  localities.  In  the  course 
of  the  paleontologic  study  of  the  Juncal  Formation,  the  mac- 
rofauna of  the  Matilija  Sandstone?  was  restudied  and  many 
refinements  were  made. 

Systematic  arrangement  of  the  generic  and  higher  taxo- 
nomic categories  follows  that  of  Wells  (1956)  for  the  coral; 
Howell  (1962)  for  the  calcareous  annelid  tube;  Ludbrook 
(1960)  for  the  scaphopod;  Cox  et  al.  (1969)  and  Yokes  (1980) 
for  the  bivalves;  and  Fischer  (1966)  for  the  echinoids.  The 
systematic  arrangement  of  Wenz  (1938-1944)  is  followed 
generally  for  the  gastropods. 

The  figured  specimens,  as  well  as  those  paratypes  that  are 
unfigured,  are  on  deposit  in  the  Natural  History  Museum  of 
Los  Angeles  County,  Invertebrate  Paleontology  section.  Ad- 
ditional unfigured  specimens  are  on  deposit  in  the  Depart- 
ment of  Geological  Sciences  Paleontology  collection,  Cali- 
fornia State  University,  Northridge. 

The  synonymies  are  selective.  Works  that  include  original 
figures  and/or  descriptions  are  listed.  References  that  add 
pertinent  taxonomic  and  documentable  biostratigraphic  in- 
formation are  also  included.  More  complete  synonymies  of 
some  of  the  gastropods  and  bivalves  can  be  found  in  Stewart 
(1927,  1930). 

Primary  type  material,  molluscan  stage  range,  geographic 
distribution,  local  occurrence,  and  remarks  are  listed  for  all 
the  species.  Unless  otherwise  noted,  such  data  are  derived 
from  references  listed  in  the  synonymies  or  from  new  data 
obtained  in  the  course  of  this  present  study.  “Primary  type 
material”  refers  to  the  holotype,  paratype(s),  syntypes,  lec- 
totypes,  or  neotype  of  the  senior  subjective  synonym  of  each 
taxon.  In  the  case  of  homonyms,  the  junior  homonym  “pri- 
mary type  material”  is  listed,  and  if  the  new  name  “primary 
type  material”  is  different  it  is  listed  also.  The  molluscan 
stages  are  for  the  West  Coast,  and  they  are  from  Clark  and 
Yokes  (1936)  and  Weaver  et  al.  (1944),  with  refinements 
made  by  Givens  (1974)  and  Saul  (1983).  The  stages  are  pro- 
visional, hence  the  names  are  placed  in  quotation  marks. 
The  relative  age  of  each  stage  and  correlation  with  various 
biostratigraphic  zones  are  shown  in  Figure  4.  Any  taxa  stage 
range  extensions  that  are  the  result  of  this  present  study  are 
so  mentioned  under  the  “Remarks”  for  each  species.  Locality 
information  for  all  the  localities  mentioned  in  this  report  is 
given  in  the  “Localities”  section. 

Letter  abbreviations  used  for  catalog  and/or  locality  num- 
bers are: 

ANSP:  Academy  of  Natural  Sciences  of  Philadelphia. 

CAS:  California  Academy  of  Sciences. 

CSUN:  California  State  University,  Northridge. 

MCZ:  Museum  of  Comparative  Zoology,  Harvard. 
LACMIP:  Los  Angeles  County  Museum  of  Natural  History, 

Invertebrate  Paleontology  section. 

SDNHM:  San  Diego  Natural  History  Museum. 

SU:  Stanford  University  (collections  now  housed  at  the  Cal- 
ifornia Academy  of  Sciences). 
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UCMP:  University  of  California  Museum  of  Paleontology 
(Berkeley). 

UCLA:  University  of  California,  Los  Angeles  (collections 
now  housed  at  the  Los  Angeles  County  Museum). 

UCR:  University  of  California,  Riverside. 

UO:  University  of  Oregon. 

USGS:  United  States  Geological  Survey  (Washington,  D.C. 
register). 

USNM:  United  States  National  Museum  of  Natural  History. 
UW:  University  of  Washington. 

SYSTEMATICS 
Phylum  Coelenterata 
Subphylum  Cnidaria 
Class  Anthozoa 
Subclass  Zoantharia 
Order  Scleractinia 
Suborder  Astrocoeniina 
Family  Astrocoeniidae  Koby,  1890 
Subfamily  Astrocoeniinae  Koby,  1890 

Genus  Astrocoenia 
Milne-Edwards  and  Flaime,  1848 

Type  Species.  By  monotypy,  Astrea  numisma  Defrance, 
1826. 

Astrocoenia  new  species? 
afT.  A.  portoricoensis  Vaughan,  1919 

Figure  6 

Local  Occurrence.  Tiirritella  uvasana  infera  fauna,  Juncal 
Formation,  CSUN  localities  361,  844. 

Remarks.  Two  medium-sized  colonies  (up  to  50  mm  height 
and  80  mm  length)  were  found  at  locality  844,  and  one  small- 
er colony  (40  mm  height  and  40  mm  length)  was  found  at 
locality  361.  Most  of  the  corallites  in  the  colonies  from  lo- 
cality 844  are  plugged  with  hard  matrix,  but  a few  are  free 
of  the  matrix.  The  colony  from  locality  361  is  a fragment 
and  is  badly  weathered. 

The  colonies  from  locality  844  have  an  irregular  upper 
surface  with  short  protuberances.  The  corallites  are  polygonal 
shape  and  have  eight  (very  rarely  ten)  septa  that  extend  to 
the  styliform  collumella,  which  appears  in  the  bottom  of  the 
calice  as  a tubercle.  Inside  diameter  of  the  calices  is  about  1 
mm,  and  the  thecal  walls  are  about  0.25  mm  thick. 

The  Whitaker  Peak  colonies  are  similar  to  Astrocoenia 
portoricoensis  Vaughan  (1919:350-351,  pi.  76,  figs.  4,  4a;  pi. 
78,  figs.  1,  la;  Frost  and  Langenheim,  1974;  177,  180,  pi.  52, 
figs.  5-7)  from  Oligocene  and  lower  Miocene  strata,  Mexico 
(Chiapas),  Puerto  Rico,  Antigua,  and  Panama.  The  Whitaker 
Peak  colonies,  however,  show  no  indication  of  secondary 


septa  between  the  eight  major  septa,  can  have  ten  major 
septa,  and  have  slightly  smaller  calices.  These  differences  are 
minor  and  may  be  due  to  preservation  or  growth  stage.  In 
A.  portoricoensis,  the  secondary  septa  can  be  rudimentary, 
thereby  making  the  two  forms  even  more  similar.  Better 
specimens  Astrocoenia  new  species?  will  be  necessary  be- 
fore a possible  conspecific  determination  can  be  made. 

Astrocoenia  dilloni  Durham  (1942a;505,  pi.  44,  fig.  3)  from 
early  Eocene  strata.  Media  Agua  Creek,  west  side  of  San 
Joaquin  Valley,  Kern  County,  California,  is  the  only  other 
species  of  this  genus  known  from  the  West  Coast  Tertiary. 
Astrocoenia  new  species?  differs  from  A.  dilloni  in  having 
only  eight  rather  than  ten  septa  with  no  secondary  septa 
between  the  major  septa.  Durham  (pers.  commun.)  examined 
A.  new  species?  from  the  Whitaker  Peak  area  and  concluded 
that  it  is  not  the  same  as  A.  dilloni. 

Phylum  Annelida 

Class  Polychaeta 

Order  Sabellida 

Family  Serpulidae  Lamarck,  1818 
Genus  Rolularia  Defrance,  1827 

Type  Species.  By  subsequent  designation  (Wrigley,  1951), 
Rotularia  spiriilaea  (Lamarck,  1818). 

Subgenus  Rotularia  s.s. 

Rotularia  (Rotularia)  tejonense  (Arnold,  1910) 

Figures  7,  8 

Spiroglyphusl  tejonensis  Arnold,  1 9 1 0;5 1 , pi.  4,  fig.  18.  Dick- 
erson, 1916;pl.  37,  figs.  5a-b.  Vokes,  1939;  162-163,  pi. 

20,  figs.  20-22.  Stewart,  1946;pl.  1 1,  fig.  21. 

Spiroglyphus  tejonensis  Arnold.  Hanna  and  Hertlein,  1941; 

figs.  62-4,  62-20. 

ITiibidostium  tejonense  (Arnold).  Keen  and  Bentson,  1944: 

195. 

Rotularia  tejonense  (Arnold).  Nilsen,  1973:table  1.  Squires, 

1977:  table  1;  1984:15,  fig.  5g. 

Primary  Type  Material.  USNM  holotype  1 65658,  Avenal 
Formation,  USGS  locality  4617. 

Molluscan  Stage  Range.  “Capay”  through  “Transition.” 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  central  California. 

Local  Occurrence.  Tiirritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  361,  810,  830,  836,  840,  844, 
849,  850,  851,  852.  Tiirritella  uvasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  locality  237. 

Remarks.  At  all  the  localities,  except  237,  850,  and  851, 
only  a few  (less  than  six)  specimens  were  found.  At  locality 
237,  35  specimens  were  found.  At  locality  850,  nine  speci- 
mens were  found,  and  at  locality  851,  19  specimens  were 
found.  Preservation  is  poor  except  at  locality  237. 

This  species  has  a very  raised  carina  adjacent  to  the  suture 
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Figures  6-19.  Whitaker  Peak  area  Eocene  colonial  coral,  calcareous  annelid  tube,  scaphopod,  and  archaeogastropods.  Figs.  6-9.  Colonial 
coral,  calcareous  annelid  tube,  and  a scaphopod.  6.  Astrocoenia  new  species?  aff.  A.  portoricensis  Vaughan,  1919,  dorsal  view.  x4,  width  of 
field  16  mm.  LACMIP  hypotype  7436,  CSUN  loc.  844.  7-8.  Rotidaria  (Rotulaha)  tejonense  (Arnold,  1910).  All  parts  from  CSUN  loc.  237. 
7.  Umbilical  view,  x3,  greatest  diameter  9.5  mm,  LACMIP  hypotype  7437.  8.  Side  view,  x3,  diameter  9.5  mm,  LACMIP  hypotype  7438. 
9.  Dentalium  stentor  Anderson  and  Hanna,  1925,  partial  specimen,  side  view,  x 1.9,  length  33  mm,  LACMIP  hypotype  7439,  CSUN  loc. 
219.  Figs.  10-19.  Archaeogastropods.  10-11.  Hemitonia  (Montfortia)  cantonensis  new  species.  All  parts  with  shell  surface  eroded,  height  6.5 
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on  the  dorsal  and  umbilical  portions  of  the  sinistrally  coiled 
tube.  The  tube  also  has  a tricarinate  lateral  portion.  In 
cross  section,  the  outline  of  the  tube  is  like  that  shown  by 
Hanna  and  Hertlein  (1941,  fig.  62-4).  Usually  the  tube  is 
planispiral  up  to  9 mm  in  diameter,  with  uncoiling  occurring 
in  the  later  growth  stages,  but  a few  specimens  at  locality 
237  are  conispiral  in  the  early  growth  stage. 

Phylum  Mollusca 

Class  Scaphopoda 
Family  Dentaliidae  Gray,  1834 
Genus  OcAttoZ/u/w  Linne,  1758 

Type  Species.  By  subsequent  designation  (Montfort,  1810), 
Dentalium  elephantinum  Linne,  1758. 

Dentalhim  stentor  Anderson  and  Hanna,  1925 

Figure  9 

Dentalium  stentor  Anderson  and  Hanna,  1925:145,  pi.  13, 

fig.  17.  Squires,  1984:16,  fig.  5h. 

Dentalium  stentor?  Anderson  and  Hanna.  Squires,  1977:ta- 

ble  1. 

Primary  Type  Material.  CAS  holotype  819,  Tejon  For- 
mation, CAS  locality  792. 

Molluscan  Stage  Range.  “Domengine”  through  “Tejon.” 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  southern  San  Joaquin  Valley,  south-central  Califor- 
nia. 

Local  Occurrence.  Turritella  uvasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  localities  219,  237. 

Remarks.  Except  for  the  figured  specimen  (Fig.  9),  speci- 
mens occur  as  small  fragments.  The  shells  show  fairly  prom- 
inent longitudinal  ribs  alternating  with  finer  ribs.  Ribbing  is 
stronger  near  the  apex. 

Class  Gastropoda 
Subclass  Prosobranchia 
Order  Archaeogastropoda 
Superfamily  Fissurellacea 
Family  Fissurellidae  Fleming,  1822 
Subfamily  Emarginulinae  Gray,  1834 
Genus  Hemitoma  Swainson,  1 840 


Type  Species.  By  original  designation.  Patella  tricostata  J. 
Sowerby,  1823. 

SvihgQxwxs  Montfort i a Recluz,  1843 

Type  Species.  By  subsequent  designation  (Iredale,  1915), 
Emarginula  australis  Quoy  and  Gaimard,  1834. 

Hemitoma  {Montfortia)  cantonensis  new  species 

Figures  10,  1 1 

Diagnosis.  Generic  assignment  based  on  high-profile  open- 
conical  shell  with  a distinct  internal  groove  on  anterior  slope. 
Subgeneric  assignment  is  based  on  the  prominent  thin  costa 
formed  by  selenizone,  anterior  slope  convex  with  small  notch 
at  anterior  margin,  and  posterior  slope  concave  behind  apex. 
Specific  assignment  based  on  the  apex  moderately  inclined 
posteriorly,  thin  costa  on  anterior  slope  slightly  left  of  the 
shell  midline,  and  sculpture  of  radial  ribs  (at  least  in  posterior 
region). 

Hemitoma  (Montfortia)  cantonensis  new  species  is  similar 
Xo  Hemitoma  [=Subemarginula\  fenestrata  (Deshayes,  1864: 
350,  pi.  3,  figs.  37-41;  Cossmann  and  Pissarro,  1910-1913: 
pi.  2,  fig.  10-1)  from  middle  Eocene  strata  (Lutetian  and 
Bartonian  stages)  of  the  Paris  Basin,  France  (Chedeville,  1 902: 
244).  Hemitoma  (M.)  cantonensis  differs  from  H.  fenestrata 
in  the  following  features:  apex  higher  and  not  as  strongly 
inclined  posteriorly.  In  addition,  there  is  no  evidence  of  any 
commarginal  ribs  on  H.  (M.)  cantonensis. 

Description.  Shell  small,  open-conical,  with  a high  profile. 
Apex  intact,  not  perforated,  situated  about  one-fourth  the 
distance  from  the  posterior  end,  moderately  inclined  pos- 
teriorly and  having  a beak-like  appearance.  Anterior  slope 
convex,  posterior  slope  concave  behind  apex.  Anterior  mar- 
gin with  a small  notch,  selenizone  forming  a prominent  thin 
costa  that  intersects  the  apex  slightly  left  of  the  shell  midline. 
Exterior  sculpture  consists  of  poorly  preserved  radial  ribs 
that  apparently  are  more  closely  spaced  in  posterior  region 
where  there  is  also  one  fairly  prominent  rib.  Interior  of  shell 
filled  with  matrix.  Holotype  height  (incomplete)  6.5  mm, 
width  (incomplete)  14  mm. 

Primary  Type  Material.  LACMIP  holotype  7440,  Juncal 
Formation,  CSUN  locality  358. 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Whitaker  Peak  area,  southern 
California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  358. 


mm,  width  14  mm,  LACMIP  holotype  7440,  CSUN  loc.  358.  10.  Side  view,  x3.3.  11.  Dorsal  view,  x2.6.  12-13.  Monodonta  (Incisilabium) 
piruensis  new  species.  All  parts  x3.6,  height  11  mm,  width  11  mm,  LACMIP  holotype  7441,  CSUN  loc.  833.  12.  Apertural  view.  13. 
Abapertural  view.  14.  Nerita  (Theliostyla)  triangidata  Gabb,  1869,  internal  mold,  abapertural  view,  x2.8,  height  12  mm,  width  13  mm, 
LACMIP  hypotype  7443,  CSUN  loc.  809.  15-19.  Velates  perversiis  (Gmelin,  1791),  adult  and  juvenile  shells.  15.  Spiral  view  of  adult  whorl 
profile,  X 0.9,  thickness  35  mm,  LACMIP  hypotype  7444,  CSUN  loc.  850.  16.  Same  specimen  as  shown  in  Figure  1 5,  abapertural  view  showing 
spiral  surace,  x 1,  height  55  mm.  17.  Apertural  view  of  adult,  outer  lip  missing,  x 1.2,  greatest  diameter  45  mm,  LACMIP  hypotype  7445, 
CSUN  loc.  830.  18.  Abapertural  view  showing  spiral  surface  of  an  early  juvenile,  x3.5,  height  9 mm,  LACMIP  7446,  CSUN  loc.  850.  19. 
Abapertural  view  showing  spiral  surface  of  a late  juvenile,  x2,  height  21  mm,  LACMIP  hypotype  7447,  CSUN  loc.  850. 
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Remarks.  Only  a single  specimen  was  found.  Preservation 
of  the  critical  morphologic  parts  is  good,  but  the  external 
sculpture  is  poorly  preserved. 

The  specimen  has  the  shell  profile  of  Puncturella  Lowe, 
1827,  but  it  does  not  have  the  perforation  on  the  anterior 
slope  near  the  apex  that  is  diagnostic  of  Puncturella. 

Montfortia  has  a geologic  range  of  Eocene  through  Holo- 
cene and  is  the  earliest  subgenus  of  Hemitonia  (Keen  and 
Johnson,  1960a;  Davies,  1971).  Hemitonia  (A/.)  cantonensis 
is  presently  the  earliest  record  oi Hemitonia.  Chedeville  ( 1 902) 
listed  four  species  of  Hemitonia  [=Subeniarginula\  from 
middle  Eocene  strata  of  the  Paris  Basin,  but  elsewhere  there 
is  a scarcity  of  Tertiary  species,  due  undoubtedly  to  generic 
misidentification  and  preservation  problems.  Much  taxo- 
nomic work  is  needed  on  fossil  forms  of  emarginulinid  genera 
closely  allied  to  Hemitonia:  namely,  Eniargimila  and  Tau- 
scliia. 

Etymology.  This  species  is  named  for  Canton  Canyon, 
Whitaker  Peak  area,  southern  California. 

Superfamily  Trochacea 
Family  Trochidae  Rafinesque,  1815 
Subfamily  Monodontinae  Cossmann,  1916 
Genus  Monodont a Lamarck,  1799 

Type  Species.  By  original  designation,  Troclius  labio  Linne, 
1758. 

Subgenus  Incisilahium  Cossmann,  1918 

Type  Species.  By  original  designation,  Monodonta  pari- 
siensis  Deshayes,  1832. 

Monodonta  {Incisilabiuml)  piruensis  new  species 

Eigures  12,  13 

Diagnosis.  Generic  assignment  based  on  globose-turbinate 
shape,  weak  spiral  sculpture,  and  single  broad  tooth  at  base 
of  columella.  Subgeneric  assignment  based  on  noded  spiral 
ribs.  Specific  assignment  based  on  nodose  spiral  ribs  only  on 
posterior  half  of  body  whorl,  18  primary  spiral  ribs  on  body 
whorl,  and  moderately  thick  callus  along  inner  lip. 

Monodonta  (Incisilabium?)  piruensis  new  species  most 
closely  resembles  A/.  (Incisilabium)  parisiensis  Deshayes 
(1832:248-249,  pi.  32,  figs.  8,  9;  Cossmann  and  Pissarro, 
1910-1913:pl.  3,  fig.  22-1;  Wenz,  1938:299,  fig.  656)  from 
middle  and  late  Eocene  strata  of  the  Paris  Basin,  Prance. 
Monodonta  (/.?)  piruensis  differs  from  examined  specimens 
of  M.  (Incisilabium)  parisiensis  in  the  following  features:  less 
strongly  nodose  spiral  ribs,  more  closely  spaced  spiral  ribs, 
nodose  spiral  ribs  only  on  posterior  half  of  body  whorl  rather 
than  over  entire  body  whorl,  and  about  18  rather  than  ten 
primary  spiral  ribs  on  body  whorl. 

Monodonta  (Incisilabium'?)  piruensis  new  species  superfi- 
cially resembles  Homalopoma  wattsi  (Dickerson,  1916:494, 
pi.  40,  figs.  3a,  b;  Turner,  1938:96,  pi.  15,  fig.  16;  Yokes, 
1939:179,  pi.  22,  figs.  21,  22;  Weaver,  1943:298,  pi.  64,  figs. 


11,  14)  from  “Capay  Stage”  strata,  Coalinga  area,  central 
California,  through  southwestern  Oregon.  Monodonta  (/.?) 
piruensis  differs  from  the  holotype  of  H.  wattsi  in  the  fol- 
lowing features:  much  stronger  nodose  primary  spiral  ribs, 
stronger  spiral  ribs  on  base  of  shell,  large  deltoid  flat  tooth 
at  base  of  columella,  thick  callus  along  inner  lip,  shallow 
groove  in  umbilical  area,  absence  of  a finely  spiral-ribbed 
collar  below  the  suture,  and  absence  of  a tooth  in  center  of 
basal  lip. 

Monodonta  (Incisilabium?)  piruensis  new  species  also  su- 
perficially resembles  Homalopoma  umpquaensis  Merriam  and 
Turner  (1937:104,  pi.  6,  fig.  6;  Turner,  1938:95-96,  pi.  15, 
fig.  14;  Weaver,  1943:299,  pi.  64,  figs.  20-21;  Givens,  1974: 
61,  pi.  5,  fig.  3)  from  “Capay”  and  “Domengine”  “stages” 
strata.  Pine  Mountain,  southern  California  through  south- 
western Oregon.  Monodonta  (/.?)  piruensis  differs  from  H. 
umpquaensis  in  the  following  features:  nodose  primary  spiral 
ribs,  secondary  spiral  ribs,  seventh  and  eleventh  spiral  ribs 
not  stronger  than  rest  of  ribs  and  do  not  form  angulations  at 
center  and  lower  margin  of  the  body  whorl,  suture  much  less 
channeled  (grooved),  a large  deltoid  flat  tooth  at  base  of 
columella  rather  than  two  small  teeth,  and  a shallow  groove 
in  umbilical  area. 

Yokes’  (1939:179-180,  pi.  22,  fig.  27)  Homalopoma 
umpquaensis  domenginensis  from  the  Domengine  Forma- 
tion, Coalinga  area,  California,  is  similar  to  H.  umpquaensis 
s.s.  In  addition  to  the  features  listed  in  the  preceding  para- 
graph, M.  (/.?)  piruensis  differs  from  Yokes’  subspecies  in 
that  M.  (I.l)  piruensis  does  not  have  a strongly  angulate  body 
whorl  and  does  not  have  just  a small  node  along  the  basal 
inner  lip. 

Description.  Shell  small,  turbiniform  with  three  or  four 
convex  whorls.  Suture  moderately  impressed.  Protoconch 
missing. 

Penultimate  whorl  with  four  to  five  nodose  primary  spiral 
ribs,  interspaces  with  a single  non-nodose  secondary  spiral 
rib.  Posterior  half  of  body  whorl  with  six  nodose  primary 
spiral  ribs,  interspaces  with  one  to  two  smooth  secondary 
spiral  ribs.  Nodosity  strongest  on  shoulder  of  body  whorl. 
Anterior  half  of  body  whorl  with  numerous  (about  1 2)  smooth 
primary  spiral  ribs,  interspaces  with  one  or  two  smooth  sec- 
ondary spiral  ribs. 

Inner  lip  thick  with  a moderately  thick  callus.  Shallow 
groove  in  umbilical  area.  Columella  base  with  a single,  broad 
and  flat  deltoid-shaped  tooth.  Aperture  circular.  Outer  lip 
missing.  Holotype  height  (nearly  complete)  1 1 mm,  width 
(complete)  1 1 mm. 

Primary  Type  Material.  LACMIP  holotype  7441,  LAC- 
MIP  paratype  7442,  Juncal  Formation,  CSUN  locality  833. 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Whitaker  Peak  area,  southern 
California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  833. 

Remarks.  Only  two  specimens  were  found.  Preservation 
is  good.  Monodonta  (Incisilabium)  parisiensis,  the  species 
most  similar  to  the  new  species,  is  the  type  species  of  Incisi- 
labiuni.  The  deltoid-shaped  columellar  tooth  in  Incisilabium 
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and  in  M.  (LI)  piruensis  new  species  are  identical.  Assign- 
ment of  M.  (1.7)  piruensis  to  Incisilabiiim,  however,  is  ten- 
tative because  the  spiral  ribs  in  the  new  species  are  not  strong- 
ly noded  over  the  entire  shell  surface. 

Cossmann  and  Pissarro  (1910-1913)  assigned  M.  pari- 
siensis  to  subgenus  Olivia  Cantraine,  but  such  an  assignment 
is  not  appropriate  because  Olivia  is  characterized  by  cancel- 
late  sculpture,  according  to  Keen  and  Johnson  (1960b). 

Subgenus  OsiUnus  Phillippi  is  somewhat  similar  in  sculp- 
ture to  that  of  M.  (1.7)  piruensis  new  species,  but  the  colu- 
mellar  tooth  in  modern  specimens  of  OsiUnus  in  the  Holo- 
cene Collection  at  the  Los  Angeles  County  Museum  is  not 
as  strongly  developed  as  in  M.  (1.7)  piruensis  and  is  not 
deltoid  in  shape. 

The  geologic  range  of  Monodonta  is  early  Paleocene  (Dani- 
an)  through  Recent  (Keen  and  Johnson,  1 960b).  Incisilabiiim 
is  previously  known  only  from  Europe,  and  the  geologic  range 
of  the  taxon  is  middle  and  late  Eocene  (Cossmann  and  Pis- 
sarro, 1910-1913;  Keen  and  Johnson,  1960b).  Monodonta 
(Incisilabium7)  piruensis  new  species  is  the  earliest  occur- 
rence of  both  Monodonta  and  Incisilabiiim  on  the  West  Coast. 
An  early  Eocene  (Cuisian)  occurrence  of  Incisilabiiim  in  Eu- 
rope would  be  expected,  but  more  collecting  is  needed. 

Etymology.  The  species  is  named  for  Piru  Creek,  southern 
California. 

Superfamily  Neritacea 
Family  Neritidae  Rafinesque,  1815 
Subfamily  Neritinae  Rafinesque,  1815 
Genus  Linne,  1758 

Type  Species.  By  subsequent  designation  (Montfort,  1810), 
Nerita  peloronta  Linne,  1758. 

Subgenus  Theliostyla  Morch,  1852 

Type  Species.  By  subsequent  designation  (Kobelt,  1879), 
Nerita  albicilla  Linne,  1758. 

Nerita  {Theliostyla)  triangiilata  Gabb,  1869 

Eigure  14 

Nerita  (Theliostyla)  triangiilata  Gabb,  1869:170,  pi.  28,  figs. 

52-52a.  Yokes,  1939:182,  pi.  22,  figs.  31,  33-34.  Givens, 

1974:61,  pi.  5,  fig.  4.  Givens  and  Kennedy,  1976:960,  963, 

pi.  1,  figs.  1-4. 

Nerita  triangiilata  Gabb.  Arnold,  1910:14,  pi.  4,  fig.  12.  Ar- 
nold and  Anderson,  1910:71,  pi.  26,  figs.  12- 12a.  Hanna, 

1927:301,  pi.  46,  figs.  1 1-12,  16-17.  Moore,  1968:28,  pi. 

12a.  Givens  and  Kennedy,  1979:table  2. 

Primary  Type  Material.  Primary  type  material  missing 
(Stewart,  1927:29 1),  Domengine  Formation,  New  Idria  (Priest 
Valley  quadrangle,  T 17  S,  R 12  E),  California. 

Molluscan  Stage  Range.  “Domengine”  through  “Tejon.” 

Geographic  Distribution.  San  Diego  through  central  Cal- 
ifornia. 


Local  Occurrence.  Tiirritella  uvasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  locality  809. 

Remarks.  Six  internal  molds  were  found,  and  they  range 
in  height  from  3 to  7 mm.  Although  the  apertural  areas  are 
obscured  by  matrix,  the  specimens  show  the  characteristic 
flattened  spire  and  three  carinae  on  the  body  whorl  with 
about  four  spiral  ribs  in  the  interspaces. 

Genus  Velates  Montfort,  1810 

Type  Species.  By  original  designation  and  monotopy,  I'e- 
lates  conoideiis  (Lamarck,  1804)  [=Nerita  perversa  Gmelin, 
1791], 

Velates  perversiis  (Gmelin,  1791) 

Figures  15-19 

Nerita  schmideliana  sinistrorsa,  fossilis  Chemnitz,  1786: 1 30, 
pi.  114,  figs.  975-976.  [Non-binomial.] 

Nerita  perversa  Gmelin,  1791:3686.  Parkinson,  1811:pl.  6, 
figs.  4-5.  Blainville,  1825:445,  pi.  36  bis,  fig.  3. 

Nerita  Schmidel,  1793:41,  pi.  23,  figs.  1-3. 

Nerita  conoidea  Lamarck,  1804:93.  Brongniart,  1823:60,  pi. 
2,  figs.  22a-c,  misspelled  as  Nerida  conoidea.  Leymerie, 
1878-1881:526,  538,  623,  805,  pi.  Z',  fig.  3. 

Velates  conoideiis  (Lamarck).  Montfort,  1810:354-356. 

Woodward,  1892:pl.  31,  figs.  15-21. 

Neritina  conoidea  Oeshayes,  1 832: 149-1  5 1,  pl-  18,  figs.  1-8. 
Neritina  grandis  J.  Sowerby,  1839:328,  pl.  24,  fig.  9.  [not 
Neritina7  grandis  Cooke,  1919:126,  pl.  5,  figs.  7-8  = Ve- 
lates vokesi  Cooke,  1946:295,  new  name  for  Neritina! 
grandis  Cooke,  preoccupied], 

Nerita  schmideliana  Chemnitz.  Archiac  and  Haime,  1854: 
278,  pl.  25,  figs.  3,  5 (not  pl.  25,  fig.  4);  pl.  27,  figs.  Ib-c. 
Hantken,  1875:367,  pl.  18,  fig.  2.  Mallada,  1879:pl.  2,  figs. 
17-18;  pl.  3,  figs.  1-2. 

Diceras  arietina  Schafhautl,  1863:160,  pl.  37,  fig.  1. 

Nerita  schmedeliana  C\itmn\Xz.  Medlicottand  Blanford,  1879: 
458-459,  pl.  15,  figs.  2-2a. 

Velates  schmideliana  (Chemnitz).  Noetling,  1894:104,  pl.  2, 
figs.  1,  2,  7.  Gregorio,  1894:31,  pl.  6,  fig.  181;  1896:54,  pl. 
6,  figs.  1-3;  pl.  7,  figs.  l-6.Zittel,  1913:535,  fig.  906.  Trech- 
mann,  1923:347-349,  pl.  15,  figs.  1-3. 

Provelates  grandis  (J.  Sowerby).  Noetling,  1894:107-108,  pl. 
2,  figs.  3-6. 

Velates  schmidelianus  (Chemnitz).  Zittel,  1900:454,  fig.  857. 

Cossmann,  1925:229,  pl.  6,  fig.  9;  pi.  7,  figs.  22-23. 
Velates  schniideli  (Chemnitz).  Doncieux,  1903:358,  pl.  5, 
figs.  9a-b.  Douville  and  O’Gorman,  1 929:374,  pl.  31,  figs. 
12- 12a. 

Velates schmiedeli  (Chemnitz).  Cossmann  and  Pissarro,  1910- 
1913:  pl.  6,  fig.  40-1.  Douville,  1916:25,  figs.  10-1 1.  Furon 
and  Soyer,  1947:24,  pl.  16,  fig.  40-1.  Pomerol  and  Feu- 
gueur,  1974:  pl.  6,  figs.  4-5. 

Velates  perversiis  (Gmelin).  Cox,  1931:36-37.  Yokes,  1935: 
382-383,  pl.  26,  figs.  1-5;  pl.  26,  figs.  1-2.  Clark  and  Yokes, 
1936:875, pl.  l,figs.  7-8.  Wenz,  1938:417,  fig.  1016.  Fames, 
1952:12-16.  Woodring,  1957:22,  66-67.  Palmer,  1967: 
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189-190.  Davies,  1 97  l:figs.  651a,  651  e,  652.  Givens,  1974: 

61,  pi.  5,  figs.  5-6,  13.  Givens  and  Kennedy,  1979:83. 

Squires,  1984:16-17,  figs.  6b-c.  Woods  and  Saul,  1986: 

643-647,  figs.  5.17,  5.20,  5.22-5.25,  6. 1-6.3,  6.8. 

Velates  schmiedeliamis  (ChemmXz).  Isaeva,  1933:11,  pi.  1, 

figs.  13-14. 

Primary  Type  Material.  Lamarck’s  Cabinet.  No  holotype 
was  designated  by  Gmelin  (1791),  who  did  not  have  a col- 
lection but  worked  mainly  from  the  literature,  according  to 
Smith  (1970:459).  Gmelin  (1791)  listed  the  Chemnitz  Cab- 
inet as  the  source  of  his  Nerita  perversa,  and  if  the  Cabinet 
is  still  extant,  the  lectotype  could  be  designated. 

Molluscan  Stage  Range.  “Capay”  through  lowermost 
“Domengine.”  In  Europe  and  India:  Thanetian  (late  Paleo- 
cene)  up  to  Bartonian  (late  middle  Eocene)  (Davies,  1975: 
100). 

Geographic  Distribution.  Western  Europe  (especially  Paris 
Basin,  France),  Spain,  southern  France,  Switzerland,  Austria, 
northern  Italy,  Hungary,  the  Balkans,  Nigeria,  Egypt,  Sudan, 
Saudi  Arabia,  Iraq,  Iran,  Pakistan,  India,  Tibet,  Burma,  Ja- 
maica, Panama?,  Florida,  southern  and  central  California. 

Local  Occurrence.  Tiirritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  360,  818,  830,  837,  848,  850, 
851,  853. 

Remarks.  I 'elates  perversiis  is  locally  abundant  in  the  Tur- 
ritella  uvasana  infera  fauna.  Except  at  localities  360,  830, 
and  850,  only  a few  specimens  were  found.  At  locality  360, 
1 2 specimens  were  found,  and  they  represent  a partial  growth 
series  (height  range  from  8 to  27  mm).  At  locality  830,  22 
specimens  were  found,  and  they  also  represent  a partial  growth 
series  (height  range  from  7 to  29  mm).  At  locality  850,  36 
specimens  were  found,  and  they  represent  a nearly  complete 
growth  series  (height  range  from  3 to  38  mm).  Preservation 
is  good  at  all  localities. 

In  early  juvenile  specimens  whose  shell  height  is  less  than 
10  mm  (i.e.,  height  is  parallel  to  axis  of  coiling,  as  shown  by 
Woods  and  Saul,  1986:fig.  4),  the  shell  profile  is  low-spire 
naticiform.  There  is  usually  no  hint  of  an  angulate  shoulder 
(Fig.  1 8),  and  the  callus  on  the  inner  lip  is  very  thin.  At  about 
10  mm  in  shell  height,  a very  slight  angulate  shoulder  appears 
on  the  naticiform  shell.  This  shoulder  becomes  more  strongly 
developed  (along  with  a very  low  spire)  with  age,  especially 
in  specimens  whose  shell  height  is  20  to  30  mm  (Fig.  19).  In 
specimens  whose  shell  height  is  greater  than  about  20  mm, 
there  is  a characteristic  patelliform  profile  and  an  extensive 
inner-lip  callus  that  covers  the  apertural  face.  The  callus  is 
thick  and  convex.  This  change  from  low-spired  naticiform 
early  juveniles  to  patelliform  adults  was  also  observed  in  this 
species  by  Woods  and  Saul  (1986). 

There  are  seven  to  eight  unequally  arranged  small  teeth  in 
L.  perversus.  In  juvenile  specimens  both  the  anteriormost 
and  posteriormost  teeth  bifurcate  to  achieve  this  full  tooth 
count,  as  also  observed  by  Yokes  (1935)  and  Woods  and  Saul 
(1986)  in  their  studies  of  this  species. 

The  best  preserved  specimens  in  the  Whitaker  Peak  section 
have  closely  spaced,  fairly  prominent  growth  lines  on  the 
abapertural  surface  of  the  shell.  On  some  of  the  adult  spec- 


imens, the  spire  is  noticeably  projecting.  These  morphologic 
features,  as  well  as  all  the  above-mentioned  morphologic 
features,  were  also  seen  on  Los  Angeles  County  Museum  of 
Natural  History  collection  specimens  of  V.  perversus  from 
the  Paris  Basin. 

Woodring  (1957:66-67,  pi.  14,  figs.  5-8)  illustrated  a V. 
perversus  subsp.?  that  differs  from  V.  perversus  only  in  the 
presence  of  a wide  rim  along  the  outer  lip.  Velates  perversus 
subsp.?  is  from  the  middle  Eocene  portion  of  the  Gatuncillo 
Formation  of  the  Panama  Canal  Zone.  As  noted  by  Woods 
and  Saul  (1986),  whether  the  outer  lip  rim  is  a specific,  sub- 
specific, or  ecophenotypic  characteristic  has  not  been  deter- 
mined. 

Chemnitz’s  (1786)  name  of  Nerita  schmideliana  sinistror- 
sa,  fossilis  cannot  stand  because  it  is  not  a binomial  name. 
For  a complete  synonymy  of  Velates  perversus,  see  Fames 
(1952). 

Order  Mesogastropoda 
Superfamily  Cerithiacea 
Family  Turritellidae  Woodward,  1851 
Genus  Tiirritella  Lamarck,  1799,  s.l. 

Type  Species.  By  monotypy.  Turbo  terebra  Linne,  1758. 

Tiirritella  andersoni  Dickerson,  1916 

Figures  20,  2 1 

Tiirritella  andersoni  Dickerson,  1916:501-502,  pi.  42,  figs. 

9a-b.  Turner,  1938:83,  pi.  22,  figs.  4-6.  Merriam,  1941: 

76-77,  pi.  9,  figs.  1-2;  pi.  10,  figs.  1,  3-5,  8;  pi.  12,  figs.  1- 

3.  Hanna  and  Hertlein,  1941:figs.  62-6,  62-7,  62-16.  Giv- 
ens, 1974:62,  pi.  5,  figs.  7-10.  Squires,  1984:16-17,  fig.  6e. 
Tiirritella  andersoni  susanae  Merriam,  1941:79,  pi.  11,  fig. 

6.  Saul,  1983:pl.  2,  fig.  5. 

Primary  Type  Material.  UCMP  holotype  12131,  UCMP 
paratype  12132,  UCMP  plastoparatype  12132,  Arroyo  Hon- 
do Formation,  UCMP  locality  1817.  Both  holotype  and  para- 
type missing  since  1959. 

Molluscan  Stage  Range.  “Meganos”?  through  “Capay.” 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  southwestern  Oregon.  Weaver  (1937:29)  also  noted 
occurrence  of  T.  andersoni  (no  specimens  listed  or  illustrated) 
from  Victoria,  British  Columbia. 

Local  Occurrence.  Tiirritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  359,  360,  362,  803,  805,  81  1, 
815,  816,  817,  818,  819,  821,  822,  824,  825,  829,  835,  837, 
843,  846,  847. 

Remarks.  Tiirritella  andersoni  is  one  of  the  more  common 
macro  faunal  components  of  the  Turrit  ella  uvasana  infera 
fauna  in  the  Whitaker  Peak  section.  It  is  especially  abundant 
at  localities  362,  816,  817,  819,  822,  825,  829,  and  846. 
Preservation  is  generally  fair  to  poor. 

Specimens  of  T.  andersoni  from  the  Whitaker  Peak  section 
agree  with  the  ornamentation  observable  on  the  plastopara- 
type. The  plastoparatype  must  be  used  because  the  holotype 
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and  paratype  are  missing.  Dickerson  (1916:501,  pi.  42,  fig. 
9a)  briefly  described  the  holotype  but  did  not  describe  the 
paratype.  Because  the  plastoparatype  is  all  that  remains  of 
the  primary  type  material  to  compare  with  and  because  no 
worker  previously  described  it,  a description  of  UCMP  plas- 
toparatype is  given  below.  The  plastoparatype  (height  24 
mm)  is  characterized  by  a whorl  profile  that  is  very  broadly 
and  shallowly  concave  medially  between  a pair  of  broadly 
spaced  primary  spiral  ribs.  The  whorl  surface  between  the 
anterior  rib  and  the  suture  is  usually  flattened,  but  it  can  be 
somewhat  concave.  The  anteriormost  primary  is  the  stronger 
of  the  two  ribs.  The  posterior  primary  can  have  small  nodes. 
A third  but  weaker  primary  spiral  rib  occurs  between  the 
anterior  and  posterior  primaries  and  is  slightly  closer  to  the 
posterior  primary  than  it  is  to  the  anterior  primary.  This 
third,  weak  primary  is  usually  noded.  Between  the  posterior 
primary  and  the  suture,  there  is  a secondary  spiral  rib  that 
can  almost  approach  the  strength  of  the  posterior  primary. 
This  secondary  spiral  rib  can  be  noded.  When  this  secondary 
is  strong,  the  whorl  profile  is  somewhat  flattened  in  this  area. 
Three  secondary  ribs  (which  can  be  noded)  are  present  on 
the  concave  median  area  of  the  whorl,  with  one  between  the 
posterior  and  median  primaries  and  two  between  the  median 
and  anterior  primaries.  There  can  be  a single  secondary  be- 
tween the  anterior  primary  and  the  suture.  Tertiary  spiral 
threads  are  difficult  to  discern  on  the  plastotype,  but  there 
are  faint  indications  of  their  presence  in  the  area  between 
the  posterior  primary  and  the  median  primary. 

In  the  Whitaker  Peak  section,  rare  individuals  (ecotypes) 
of  T.  andersoni  can  have  their  whorls  covered  by  numerous 
secondary  spiral  ribs,  all  of  equal  strength  (Fig.  21).  Tertiary 
spiral  ribs  occur  between  the  secondary  ribs.  Ribs  are  so 
numerous  and  so  closely  spaced  as  to  obscure  the  suture.  The 
anteriormost  area  of  the  whorl  is  swollen.  At  locality  835, 
there  are  two  specimens  like  this  among  1 1 typical  specimens. 
At  localities  803  and  843,  there  are  one  and  two  specimens, 
respectively,  covered  with  these  numerous  spiral  ribs  and 
there  are  no  typical  specimens. 

The  lower  molluscan  stage  range  limit  of  T.  andersoni  (i.e., 
“Meganos  Stage”)  is  queried  because  there  is  confusion  re- 
garding the  stratigraphic  nomenclature  of  the  type  locality. 
The  area  of  UCMP  1817,  the  holotype  locality  of  T.  ander- 
soni, was  first  mentioned  by  Dumble  (1912:32),  who  used 
the  Coalinga  quadrangle  map  of  1 9 1 2,  and  later  by  Anderson 
and  Pack  (1915:60).  Dickerson  (1916:423)  reiterated  Dum- 
ble’s  locality  information.  Yokes  ( 1 939: 1 88)  gave  somewhat 
more  specific  information  and  included  the  locality  in  his 
Arroyo  Hondo  Formation.  Merriam  (1941:77)  assigned  the 
locality  to  the  “Capay  Stage.”  Clark  (1943)  considered  Yokes’ 
Arroyo  Hondo  Formation  to  be  equivalent  to  the  “Capay 
Stage.”  Keen  and  Bentson  (1944:209-210)  assigned  the  lo- 
cality to  the  Cerros  Shale  Member  of  the  Lodo  Formation, 
but  they  wrote  “SE  '/4  NW  '4  15”  rather  than  “SW  '4  NW  '4 
section  15”  of  previous  workers.  Stinemeyer  (1974)  also 
mentioned  that  the  T.  andersoni  material  in  the  general  area 
of  the  holotype  locality  should  be  placed  in  the  upper  part 
of  the  Cerros  Shale  Member  of  the  Lodo  Formation  and 
should  be  equivalent  to  Laiming’s  (1940a)  C Zone  (“Capay 


Stage.”)  Moore  (1984:9),  however,  assigned  the  Cerros  Shale 
Member,  as  well  as  UCMP  locality  1817,  to  the  Paleocene. 
Until  more  stratigraphic  work  and  re-collecting  are  done  in 
the  type  area,  assignment  of  T.  andersoni  to  the  “Meganos 
Stage”  is  tentative. 

Saul  (1983:71,  73,  pi.  1,  figs.  15-18)  reported  T.  andersoni 
new  subspecies  from  the  upper  90  m of  the  Santa  Susana 
Formation  in  Simi  Yalley,  California.  That  portion  of  the 
formation  is  late  Paleocene/early  Eocene  in  age  (“Meganos 
Stage”)  (Filewicz  and  Hill,  1983;  Saul,  1983;  Squires,  1984). 
Saul  (1983)  mentioned  that  some  of  these  specimens  are  very 
close  to  T.  andersoni  Dickerson,  especially  some  from  lo- 
calities near  the  contact  with  the  overlying  Llajas  Formation. 
I have  collected  numerous  specimens  of  Saul’s  T.  andersoni 
new  subspecies,  and  I agree  that  they  have  very  close  affinity 
with  T.  andersoni.  The  upper  Santa  Susana  Formation  spec- 
imens, however,  have  an  additional  prominent  primary  spi- 
ral rib  in  the  anterior  portion  of  the  whorl  that  equals  the 
anteriormost  prominent  primary,  and  the  whorl  surface  be- 
tween this  anteriormost  primary  and  the  suture  is  not  as  flat 
or  as  noticeable  as  in  T.  andersoni.  At  this  time,  I regard  the 
two  as  separate  taxa. 

Turritella  megcmoseusis  protumescens 
Merriam  and  Turner,  1937 
Figure  22 

Turritella  meganosensis  new  subspecies  Clark,  1929:pl.  10, 
figs.  1-2. 

Turritella  meganosensis  protumescens  Merriam  and  Turner, 
1937:104,  pi.  6,  figs.  8-10.  Turner,  1938:85,  pi.  22,  fig.  15. 
Merriam,  1941:75-76,  pi.  8,  figs.  1-2,  5,  6,  8.  Weaver, 
1943:369-370,  pi.  74,  figs.  14,  18.  Saul,  1983:pl.  2,  fig.  1. 
Squires,  1984:17,  fig.  6d. 

Primary  Type  Material.  UCMP  holotype  15353,  “basal 
conglomerate”  of  the  Llajas  Formation,  UCMP  locality  7195. 
Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Simi  Yalley,  southern  California 
through  southwestern  Oregon. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  846,  UCLA  locality  4713. 

Remarks.  This  distinctive  taxon  is  rare  in  the  Whitaker 
Peak  section.  Four  specimens  were  found  at  UCLA  locality 
4713,  and  only  one  specimen  was  found  at  CSUN  locality 
846.  Preservation  is  fair  to  good.  Specimens  occur  in  the 
middle  of  the  Turritella  uvasana  infera  faunal  zone  of  the 
Whitaker  Peak  section.  This  taxon  was  not  found  by  Givens 
(1974)  in  the  T.  uvasana  infera  fauna  of  the  Juncal  Forma- 
tion, Pine  Mountain  section. 

Turritella  merriami  Dickerson,  1913 

Figure  23 

Turritella  merriami  Dickerson,  1913:284-285,  pi.  13,  figs. 
6a-6c;  1916:pl.  39,  fig.  10.  McLaughlin  and  Waring,  1915: 
fig.  23.  Clark  and  Woodford,  1927:119  (in  part),  pi.  21, 
fig.  7.  Clark,  1929:pl.  5,  fig.  6.  Merriam  and  Turner,  1937: 
91-92,94-95,97,  101.  Yokes,  1939:35-36.  Merriam,  1941: 
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Figures  20-35.  Whitaker  Peak  area  Eocene  mesogastropods.  Unless  otherwise  indicated,  views  are  abapertural.  20.  Turritella  andersoni 
Dickerson,  1916,  side  view,  x 1.6,  height  36  mm,  width  9 mm,  LACMIP  hypotype  7448,  CSUN  loc.  362.  21.  Ecotype  of  Turritella  andersoni 
Dickerson,  1916,  x 1.8.  height  24  mm.  width  9 mm,  LACMIP  hypotype  7449,  CSUN  loc.  843.  22.  Turritella  meganosensis  protumescens 
Merriam  and  Turner,  1 937,  x l .25,  height  42  mm,  width  14  mm,  LACMIP  hypotype  7450,  CSUN  loc.  846.  23.  Turritella  merriami  Dickerson, 
1913,  x2.3.  height  20  mm,  width  10.5  mm.  LACMIP  hypotype  7451,  CSUN  loc.  358.  24.  Turritella  buwaldana  Dickerson,  1916,  x3.4, 
height  14  mm,  width  5.5  mm,  LACMIP  hypotype  7452,  CSUN  loc.  237.  25.  Turritella  uvasana  infera  Merriam,  1941,  x 1.5,  height  43  mm. 
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83-84,  pi.  13,  fig.  11;  pi.  14,  figs.  8-16.  Hanna  and  Hertlein, 
1941:fig.  62-25.  Weaver,  1953:43. 

Not  Tiirritella  merriami  Dickerson.  Clark  and  Woodford, 
1927: 1 19  (in  part),  pi.  2 1 , figs.  6,  8-9  [=Tunitella  merriami 
brevitabulata  Merriam  and  Turner  fide  Merriam,  1941]. 
Tiirritella  merriami  Dickerson  var.  Turner,  1938:85-86,  pi. 
22,  figs.  8-9.  Weaver,  1943:369,  pi.  74,  fig.  10. 

Primary  Type  Material.  UCMP  syntypes  12127,  12133, 
“Capay  Stage”  Sutter  Buttes  [=Marysville  Buttes],  Sutter 
County,  northern  California,  UCMP  locality  1855. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  Whitaker  Peak  area,  southern 
California  through  southwestern  Oregon. 

Local  Occurrence.  Tiirritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  803? 

Remarks.  Tiirritella  merriami  is  very  rare  in  the  Whitaker 
Peak  section  as  only  one  positively  identified  specimen  was 
found.  Preservation  is  fair.  This  species  is  characterized  by 
the  very  prominent  posterior  tabulation  and  spiral  flange 
immediately  below  the  suture.  Below  the  flange  there  are  four 
primary  spiral  ribs  of  equal  strength. 

Previously,  this  species  has  not  been  reported  south  of  the 
San  Joaquin  Valley,  California.  It  commonly  occurs  with 
Tiirritella  andersoni  elsewhere  in  California,  and  the  two  are 
questionably  found  together  at  CSUN  locality  803,  along 
with  T.  uvasana  infera.  The  only  “Domengine  Stage”  oc- 
currence of  T.  merriami  is  in  the  Muir  Sandstone  near  Mar- 
tinez, California  (Weaver,  1953). 

Merriam  ( 1 941 :83-84,  pi.  1 3,  fig.  11;  pi.  14,  fig.  1 6)  equated 
the  hypotypes  (UCMP  33280  and  33279)  of  Turner’s  (1938: 
85-86,  pi.  22,  figs.  8,  9)  Tiirritella  merriami  Dickerson  var. 
to  Tiirritella  merriami  Dickerson. 

Tiirritella  bitwalclana  Dickerson,  1916 

Figure  24 

Tiirritella  biiwaldana  Dickerson,  1916:500-501,  pi.  42,  figs. 
7a-b.  Hanna,  1927:307,  pi.  49,  figs.  7-8,  12.  Merriam, 
1941:86-87,  pi.  21,  figs.  3-9;  pi.  22,  figs.  1-14.  Stewart, 
1946:pl.  11,  fig.  24.  Givens,  1974:63,  pi.  5,  fig.  15.  Saul, 
1983:pl.  2,  figs.  13-15.  Squires,  1983b:fig.  9f;  1984:18,  fig. 
6h. 

Tiirritella  kewi  Dickerson,  1916:501,  pi.  42,  fig.  8. 

Primary  Type  Material.  UCMP  holotype  12130,  Domen- 
gine Formation,  UCMP  locality  672. 


Molluscan  Stage  Range.  Upper  “Meganos”?,  “Capay”?, 
“Domengine”  through  “Tejon.” 

Geographic  Distribution.  San  Diego,  California  through 
southwestern  Oregon. 

Local  Occurrence.  Tiirritella  uvasana  applinae  fauna,  Jun- 
cal Formation:  CSUN  localities  363,  828.  Tiirritella  uvasana 
applinae  fauna,  Matilija  Sandstone?:  CSUN  locality  237. 

Remarks.  About  five  specimens  were  found  at  each  local- 
ity. Preservation  is  fair  and  the  specimens  are  small  frag- 
ments. 

Tiirritella  biiwaldana  in  the  Whitaker  Peak  section  is  char- 
acterized by  the  presence  of  three  primary  spiral  ribs  and  one 
to  two  slightly  weaker  posterior  spiral  ribs.  Tertiary  ribs  (usu- 
ally one)  are  in  the  interspaces.  On  two  specimens  from  lo- 
cality 828,  however,  all  the  primaries,  except  the  posterior- 
most,  are  of  equal  strength  and  have  small  nodes. 

Tiirritella  uvasana  infera  Merriam,  1941 

Figure  25 

Tiirritella  uvasana  infera  Merriam,  1941:90,  pi.  40,  figs.  2- 

4.  Givens,  1974:65-66,  pi.  6,  figs.  5-7.  Saul,  1983:pl.  1, 

fig.  19;  pi.  2,  fig.  4.  Squires,  1984:19,  fig.  6i. 

Primary  Type  Material.  UCMP  holotype  33993,  “basal 
conglomerate”  of  the  Llajas  Formation,  UCMP  locality  A- 
994;  UCMP  paratypes  15439  and  15443,  upper  part  of  the 
Santa  Susana  Formation,  UCMP  locality  7000. 

Molluscan  Stage  Range.  Upper  “Meganos”  through  “Ca- 
pay.” 

Geographic  Distribution.  Simi  Valley,  Whitaker  Peak  area, 
and  Pine  Mountain  area,  southern  California. 

Local  Occurrence.  Tiirritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  359?,  361,  802,  803,  805,  806, 
81  1,  812,  813,  815,  816,  817,  819,  820,  821,  822,  824,  827, 
834,  835,  838,  841,  844,  845,  846,  847,  850. 

Remarks.  Tiirritella  uvasana  infera  is  one  of  the  more  com- 
mon macrofaunal  components  of  the  Tiirritella  uvasana  in- 
fera fauna  in  the  basal  part  of  the  Whitaker  Peak  section. 
Preservation  is  generally  good  to  excellent.  Specimens  are 
particularly  well  preserved  and  abundant  at  localities  803, 
805,  838,  and  847.  At  the  other  localities,  about  ten  to  15 
specimens  were  found,  except  at  localities  359?,  361,  802, 
827,  834,  844,  and  850  where  only  one  or  two  specimens 
were  found.  At  locality  845,  all  the  specimens  consist  only 
of  apical  parts. 


width  10.5  mm,  LACMIP  hypotype  7453,  CSUN  loc.  805.  26.  Tiirritella  uvasana  applinae  Hanna,  1927,  x 1.5,  height  38  mm,  width  10  mm, 
LACMIP  hypotype  7454,  CSUN  loc.  219.  27.  Architectonica  (Stellaxis)  cognata  Gabb,  1864,  dorsal  view,  x2.6,  greatest  diameter  14  mm, 
LACMIP  hypotype  7455,  CSUN  loc.  358.  28.  Bittiiiml  dumblei  (Dickerson,  1916),  x4,  height  1 1 mm  width  3.5,  LACMIP  hypotype  7456, 
CSUN  loc.  845.  29.  IPseudovertagiis  (Pseiidoahico)  sp.,  x2,  height  25  mm,  width  13  mm,  LACMIP  hypotype  7457,  CSUN  loc.  360.  30-31. 
Benoistia  cantonensis  new  species.  All  parts  x3,  height  14  mm,  width  9 mm,  LACMIP  holotype  7458,  CSUN  loc.  802.  30.  Apertural  view. 
32-33.  Campanile  new  species?  All  parts  upper  spire,  CSUN  loc.  837.  32.  x 1.6,  height  32  mm,  width  16.5  mm,  LACMIP  hypotype  7459. 
33.  xl.3,  height  46  mm,  width  24  mm,  LACMIP  hypotype  7460.  34.  Calyptraea  diegoana  (Conrad,  1855),  side  view,  x |.6,  height  9 mm, 
width  1 5 mm,  LACMIP  hypotype  746 1 , CSUN  loc.  827.  35.  Crepidiila  new  species,  dorsal  view,  x l .2,  length  37  mm,  height  22  mm,  LACMIP 
hypotype  7462,  CSUN  loc.  827. 
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At  14  of  the  27  localities  where  it  occurs,  T.  iivasana  infera 
is  found  with  T.  andersoiii.  Twritella  uvasana  infera,  how- 
ever, was  not  found  in  the  Canton  Canyon  area  proper  (sec- 
tion 1,  T 5 N,  R 18  W)  although  T.  andersom  is  present 
there. 

Specimens  of  T.  uvasana  infera  from  the  Whitaker  Peak 
section  have  whorls  that  are  gently  convex  to  flat  and  or- 
namented by  five  to  six  (commonly  just  five)  heavy  spiral 
ribs  of  the  same  or  nearly  same  strength.  Tertiary  interribs 
are  rarely  present.  In  some  specimens,  the  two  posteriormost 
ribs  can  be  slightly  offset  from  the  other  primaries. 

The  presence  of  T.  uvasana  infera  in  the  Whitaker  Peak 
section  is  only  the  fourth  location  in  which  this  species  has 
been  reported.  One  location  is  the  upper  part  of  the  late 
Paleocene/earliest  Eocene  Santa  Susana  Formation  (upper 
“Meganos  Stage”  portion)  in  Simi  Valley,  California  (Mer- 
riam,  1941;  Saul,  1 983;  Squires,  1984).  Merriam  (1941)  and 
Saul  (1983),  however,  mentioned  that  these  specimens  have 
a more  rounded  whorl  profile  and  heavier  ribbing  than  those 
from  the  type  locality  low  in  the  overlying  Llajas  Formation, 
the  second  place  this  taxon  has  been  reported.  I have  also 
collected  specimens  from  both  horizons,  and  1 agree  with  the 
comments  of  Merriam  (1941)  and  Saul  (1983).  The  sutural 
area  in  the  upper  Santa  Susana  specimens  also  can  be  much 
more  sunken.  Specimens,  however,  show  variability  in  all 
the  above-mentioned  features.  Variability  is,  in  fact,  a char- 
acteristic of  this  subspecies  (Merriam,  1941).  Some  of  the 
upper  Santa  Susana  specimens  are  indistinguishable  from  the 
Whitaker  Peak  section  specimens. 

The  type  locality  of  T.  uvasana  infera  is  from  the  interfin- 
gering coastal  alluvial-fan  facies  and  shallow-marine  (trans- 
gressive) facies  in  the  lower  part  of  the  Llajas  Formation 
(“Capay  Stage”  portion)  in  Simi  Valley,  California  (Saul, 
1983;  Squires,  1984),  Specimens  of  T.  uvasana  infera  from 
the  Whitaker  Peak  section  are  like  those  of  the  Llajas  For- 
mation in  having  slightly  convex  whorls,  six  or  seven  primary 
spiral  ribs  with  the  two  posteriormost  ones  slightly  offset 
from  the  other  primaries,  and  the  two  posteriormost  pri- 
maries somewhat  weaker  than  the  other  primaries.  The  num- 
ber of  ribs,  however,  may  be  one  or  two  less  in  the  Whitaker 
Peak  specimens. 

The  third  location  from  which  T.  uvasana  infera  has  been 
previously  reported  is  the  T.  uvasana  infera  fauna  of  the 
Juncal  Formation  (“Capay  Stage”  portion)  in  the  Pine  Moun- 
tain area  (Givens,  1974).  Specimens  of  T.  uvasana  infera 
from  the  Whitaker  Peak  section  are  more  like  the  specimens 
from  the  Pine  Mountain  area  than  anywhere  else. 

Givens  (1974)  mentioned  that  T.  uvasana  hendoni  var.  B 
Turner  from  the  lower  Umpqua  Formation  in  southern  Or- 
egon resembles  T.  uvasana  infera  except  that  T.  uvasana 
infera  has  a slightly  less  convex  whorl  profile.  After  exam- 
ining the  types  of  T.  uvasana  hendoni  var.  B Turner  (1938: 
85,  pi.  22,  figs.  7,  10,  12,  13;  Weaver,  1943:367,  pi.  74,  fig. 
2 1 ),  as  well  as  the  holotype  and  illustrations  of  the  paratypes 
of  r.  uvasana  hendoni  Merriam  s.s.  (Turner,  1938:84,  pi.  21, 
figs. 7,  1 2-1 6;  Merriam,  1 94 1 :9 1-93,  pi.  17,  figs.  1-7;  Weaver, 
1943:366-367,  pi.  74,  figs.  1,  6),  and  the  types  of  T.  uvasana 
/zc/zfl'ou/ var.  A Turner  ( 1 938:84,  pi.  22,  figs.  11,  14;  Merriam, 


1941:91-93,  pi.  17,  figs.  8,  9;  Weaver,  1943:367,  pi.  74,  fig. 
2),  I conclude  the  following:  1 ) two  of  the  specimens  (UCMP 
33283  and  33284)  of  T.  uvasana  hendoni  var.  B have  very 
close  affinity  to  T.  uvasana  infera  except  the  whorls  are  more 
convex  (as  Givens  (1974)  noted);  2)  the  other  two  specimens 
(UCMP  33285  and  33286)  of  T.  uvasana  hendoni  var.  B, 
however,  more  closely  resemble  T.  uvasana  applinae  Hanna 
because  the  whorls  are  more  convex  and  covered  with  more 
ribs  than  in  T.  uvasana  infera:  3)  ihe  holotype  (UCMP  33288) 
of  T.  uvasana  hendoni  s.s.  has  close  affinity  to  T.  uvasana 
infera  except  there  are  three  additional  secondary  ribs  in  the 
posterior  portions  of  the  very  flat-sided  whorls,  but  in  the 
paratypes  of  T.  uvasana  hendoni  s.s.  the  whorl  convexity  can 
be  considerable;  and  4)  the  specimens  (UCMP  33281  and 
33282)  of  T.  uvasana  hendoni  var.  A are  somewhat  similar 
to  T.  uvasana  infera  except  that  the  convex  whorls  have  very 
wide  areas  around  the  very  pronounced,  deep  sutural  areas 
in  which  there  are  no  principal  ribs.  Turner  ( 1 938),  Merriam 
(1941),  and  Weaver  (1943)  noted  that  T.  uvasana  hendoni 
var.  A is  from  the  Tyee  Formation  and  is  younger  than  the 
other  forms  of  T.  uvasana  hendoni  which  are  from  the 
Umpqua  Formation.  Merriam  ( 1 94 1)  also  noted  that  T.  uva- 
sana hendoni  var.  A may  warrant  a separate  subspecies  des- 
ignation, and  I would  agree.  Twritella  uvasana  hendoni  s.s. 
and  T.  uvasana  hendoni  var.  B seem  to  be  a single  taxon  that 
lies  between  T.  uvasana  infera  and  T.  uvasana  applinae. 
Givens  (1974)  noted  that  T.  uvasana  infera  is  probably  an- 
cestral to  all  other  members  of  the  T.  uvasana  stock. 

Givens  (1974)  also  mentioned  that  T.  uvasana  n.  var. 
Crowell  and  Susuki  (1959:pl.  2,  fig.  10)  from  the  lower  Man- 
iobra  Formation  m the  Orocopia  Mountains,  Riverside 
County,  southern  California,  resembles  T.  uvasana  infera. 
Crowell  and  Susuki’s(  1 959)  specimen  (UCLA  28986)  is  from 
CSUN  662  [=UCLA  locality  3779],  which  Squires  and  Ad- 
vocate ( 1 986)  showed  to  be  “Capay”  in  age.  After  examining 
the  specimen,  as  well  as  numerous  others  that  I collected 
from  this  locality,  I conclude  that  T.  uvasana  n.  var.  Crowell 
and  Susuki  differs  from  T.  uvasana  infera  in  the  following 
features:  slightly  more  convex  whorl  profile,  minutely  noded 
posterior  ribs,  and  commonly  occurring  interribs.  Twritella 
uvasana  n.  var.  is  more  simitar  to  T.  uvasana  hendoni  var. 
B Turner  represented  by  specimens  UCMP  33283  and  33284. 

Tiirritella  uvasana  applinae  Hanna,  1927 

Figure  26 

Twritella  applini  Hanna,  1927:307,  pi.  49,  figs.  1,  4.  Clark, 
1929:pl.  10,  figs.  8,  18. 

Twritella  uvasana  applini  Hanna.  Merriam,  1941:93-94,  pi. 
16,  figs.  5-6;  pi.  18,  fig.  2. 

Twritella  uvasana  etheringtoni  Merriam,  1941:94,  pi.  15, 
figs.  12-15.  Squires,  1977:table  1. 

Twritella  uvasana  applinae  Wanna.  Moore,  1968:28,  pi.  12e. 
Givens,  1974:66,  pi.  6,  figs.  3-4;  pi.  7,  fig.  19.  Givens  and 
Kennedy,  1979:82-83,  table  1.  Saul,  1983:pl.  2,  fig.  18. 
Squires,  1983b:  fig.  9g;  1984:19,  fig.  6j. 

Primary  Type  Material.  UCMP  holotype  30971,  UCMP 
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locality  3993;  UCMP  paratype  33894,  UCMP  locality  3990; 
La  Jolla  Group. 

MoIIuscan  Stage  Range.  “Domengine.” 

Geographic  Distribution.  San  Diego  through  Pine  Moun- 
tain area,  southern  California. 

Local  Occurrence.  Tunitella  iivasana  applinae  fauna,  Jun- 
cal  Formation:  CSUN  locality  363.  Tunitella  uvasana  ap- 
plinae fauna,  Matilija  Sandstone?:  CSUN  localities  219,231, 
237,  808,  809? 

Remarks.  Tunitella  uvasana  applina  is  a fairly  common 
macrofaunal  component  of  the  Tunitella  uvasana  applinae 
fauna  in  Whitaker  Peak  section.  At  locality  237  about  35 
specimens  were  found.  At  the  other  localities,  there  are  hve 
to  seven  specimens.  Preservation  is  excellent  at  all  localities. 

Tunitella  uvasana  applinae  is  one  of  the  most  diagnostic 
taxa  of  the  “Domengine  Stage.”  This  subspecies  is  charac- 
terized by  very  convex  whorls  ornamented  by  numerous  spi- 
ral ribs.  There  are  two  to  three  posterior  secondary  ribs,  five 
to  six  primary  ribs,  and  one  to  two  anterior  secondary  ribs. 
Several  fine  tertiary  ribs  may  be  present  in  the  interspaces 
between  all  the  primary  and  secondary  ribs.  As  mentioned 
by  Givens  (1974),  T.  uvasana  applinae  is  distinguished  from 
its  probable  ancestor,  T.  uvasana  infera,  by  a more  convex 
whorl  profile,  a greater  number  of  less  coarse  spiral  ribs, 
presence  of  secondary  ribs,  and  common  occurrence  of  ter- 
tiary ribs. 

Family  Architectonicidae  Gray,  1850 
Genus  Arcin' tectonica  Roding,  1798 

Type  Species.  By  subsequent  designation  (Gray,  1847a), 
Trochus  perspectivus  Linne,  1758. 

Suhgenus  Stellaxis  DaW,  1892 

Type  Species.  By  original  designation.  Solarium  alveatum 
Conrad,  1833. 

Architectonica  (SteUaxis)  cognata  Gabb,  1864 

Figure  27 

Architectonica  cognata  Gabb,  1 864: 1 1 7,  pi.  20,  figs.  72,  72a, 
72c,  not  d and  e as  stated  [not  72b  = A.  alveata  (Conrad) 
fide  Stewart,  1927:344].  Givens  and  Kennedy,  1979:83, 
table  1. 

Stellaxis  cognata  (Conrad).  Waring,  1917:98. 

Architectonica  (Stellaxis)  cognata  Gabb.  Stewart,  1927:343- 
344,  pi.  28,  figs.  7-8;  1946:pl.  1 1,  fig.  4.  Turner,  1938:90, 
pi.  18,  fig.  17.  Yokes,  1939:163-164.  Weaver,  1943:363- 
364,  pi.  73,  fig.  20;  pi.  103,  fig.  19.  Givens,  1974:68,  pi. 
7,  figs.  1-3. 

Primary  Type  Material.  ANSP  lectotype  4223,  designated 
by  Stewart  (1927:343),  Tejon  Formation  s.l.,  11  km  south 
of  Martinez,  California. 

MoIIuscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  San  Diego,  California  through 
southwestern  Oregon. 


Local  Occurrence.  Tunitella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  358. 

Remarks.  Only  two  specimens  were  found,  and  preser- 
vation is  good.  The  presence  of  this  taxon  in  the  Tunitella 
uvasana  infera  fauna  of  the  Whitaker  Peak  section  extends 
the  molluscan  stage  range  of  this  species  into  the  “Capay 
Stage”  proper.  Previously,  the  lower  range  limit  had  been 
known  to  be  uppermost  “Capay”  (Squires,  1984). 

Family  Cerithiidae  Fleming,  1822 
Subfamily  Cerithiinae  Fleming,  1822 
Genus  Bittium  Leach  in  Gray,  1847b 

Type  Species.  By  subsequent  designation  (Gray,  1847a), 
Murex  reticulatus  (Montagu,  1803)  [=Strombiformis  retic- 
ulatus  Costa,  1778]. 

Bittiumi  clumhlei  (Dickerson,  1916) 

Figure  28 

Cerithiopsis  alternata  Gabb,  1864: 1 16,  pi.  21,  figs.  114-1 14a. 

Waring,  1917:90,  pi.  15,  fig.  3.  Clark,  1929:pl.  10,  fig.  5. 
Not  Cerithium  alternatum  G.B.  Sowerby,  1855:872,  pi.  179, 
figs.  70,  73. 

Cerithiopsis  dumblei  Dickerson,  1916:489,  pi.  38,  fig.  12. 

Cossmann,  1916:1  10  (said  to  resemble  Bittium). 
Cerithium  dumblei  (Dickerson).  Stewart,  1927:354-356,  pi. 
26,  fig.  15. 

Bittium  (?)  dumblei  (Dickerson).  Yokes,  1939:158-159,  pi. 
20,  fig.  3. 

Cerithiuml  dumblei  (Dickerson).  Keen  and  Bentson,  1944: 
142. 

Bittium  dumblei  (Dickerson).  Givens  and  Kennedy,  1976: 
965. 

Primary  Type  Material.  ANSP  lectotype  4218  of  Ceri- 
thiopsis alternata  Gabb,  designated  by  Stewart  (1927:354), 
Eocene,  Martinez,  California.  UCMP  holotype  1 1 805  of  Cer- 
ithiopsis dumblei  Dickerson,  Domengine  Formation,  UCMP 
locality  672. 

MoIIuscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  Simi  Yalley,  southern  California 
through  central  California. 

Local  Occurrence.  Turrit ella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  827,  835,  845.  Turritella  uva- 
sana applinae  fauna,  Matilija  Sandstone?:  CSUN  localities 
219,  237. 

Remarks.  Fourteen  fragmental  specimens  were  found,  and 
eight  are  from  locality  845.  Height  range  is  from  4 to  10  mm. 
Apertural  areas  are  missing. 

This  small  species  is  characterized  by  a nearly  flat-sided 
whorl  profile  and  a sculpture  of  four  spiral  ribs  crossed  by 
numerous  equal-strength  collabral  costae  with  nodes  at  the 
intersections.  Usually  there  are  two  weak  varices  per  whorl. 
The  spiral  ribs  are  equally  spaced  and  of  equal  strength. 
Between  each  rib  is  an  unnoded  fine  spiral  thread,  as  reported 
by  Stewart  (1927)  and  Yokes  (1939).  This  particular  feature 
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becomes  more  apparent  anteriorly.  The  base  of  the  body 
whorl  is  angulated.  There  is  a definite  anterior  canal  but  it 
is  short. 

Bittiuml  diimblei  resembles  Cerithiopsis  owvillensis  Dick- 
erson (1916:489-490,  pi.  39,  fig.  7)  from  “Capay”  strata, 
Sutter  Buttes  [= Marysville  Buttes],  northern  California,  but 
is  distinguished  by  the  following  features:  longer,  more  par- 
allel-sided, equal-strength  primary  spiral  ribs,  only  one  keel 
rather  than  two  on  the  base  of  the  body  whorl,  an  unnoded 
keel,  and  less  prominent  varices. 

Generic  assignment  of  Bittiiiml  dumblei  has  long  been 
uncertain.  The  most  important  morphologic  characteristic  is 
the  nature  of  the  anterior  canal,  which  is  poorly  preserved 
in  both  Gabb’s  (1864)  and  Dickerson’s  (1916)  primary  type 
material.  Yokes  (1939)  collected  topotype  material  from 
Dickerson’s  locality  but  still  could  not  positively  determine 
if  the  species  belongs  in  Bittiiim.  In  this  present  study.  Yokes’ 
tentative  determination  is  used.  It  is  possible,  however,  that 
a study  of  future,  better  preserved  specimens  may  show  that 
this  species  belongs  in  the  closely  allied  genus  Cerithiopsis. 
Previously,  this  species  has  not  been  reported  as  ranging  into 
the  “Capay  Stage.” 

Genus  Pseudovertagiis  Vignal,  1904 

Type  Species.  By  original  designation,  Cerithium  aluco 
Linne,  1758. 

Subgenus  Pseudoaluco  Clark  and  Durham,  1946 

Type  Species.  By  original  designation,  Cerithium  jiissieui 
Mayer-Eymar,  1870. 

IPseiidovertagus  {Pseudoaluco)  sp. 

Figure  29 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  360,  811. 

Remarks.  Only  two  specimens  were  found.  One  consists 
of  a single  whorl,  and  in  a larger  specimen  (Fig.  29),  the  upper 
part  of  the  spire  and  the  anterior  end  are  missing.  Positive 
identification  is  not  possible  due  to  the  fragmentary  condition 
of  the  specimens.  The  larger  specimen  (height  25  mm)  has 
primary  and  secondary  spiral  ribbing.  The  primary  spirals 
are  beaded,  and  the  beads  are  aligned  axially,  forming  very 
weak  collabral  riblets.  The  beading  and  collabral  riblets  be- 
come obsolete  on  the  anterior  whorls.  There  is  a wavy,  dis- 
tinct suture  and  one  or  two  slight  broad  varices  per  whorl. 
All  of  these  features  are  present  in  Pseudoaluco  (Clark  and 
Durham,  1946:28;  Houbrick,  1978:1  16).  The  anterior  por- 
tion of  the  penultimate  whorl  is  swollen. 

The  Whitaker  Peak  specimens  resemble  P.  (P.)  jussieui 
(Mayer-Eymar,  1870:87;  Cossmann,  1906:pl.  3,  figs.  1,  2; 
Cossmann  and  Pissarro,  19 10-19 13:pl.  24,  fig.  137-23; 


Houbrick,  1978: 1 16,  pi.  89)  from  middle  Eocene  strata  (Lute- 
tian Stage)  of  the  Paris  Basin,  France.  The  Whitaker  Peak 
specimens  differ  from  an  examined  specimen  of  the  Paris 
basin  species  in  the  following  features:  smaller,  more  inflated 
whorls,  absence  of  the  fairly  strong  collabral  costae,  absence 
of  cancellate  sculpture,  and  not  beaded  (pustulate)  over  the 
entire  surface  of  the  shell. 

The  Whitaker  Peak  specimens  also  resemble  Pseudover- 
tagus  vectensis  Wrigley  (1941 : 1 6 1-162,  figs,  la-c)  from  mid- 
dle Eocene  strata  of  the  Isle  of  Wight,  southern  England.  The 
Whitaker  Peak  specimens  are  not  beaded  over  the  entire 
surface  of  the  shell  and  have  more  primary  spiral  ribs  on 
each  whorl.  Clark  and  Durham  ( 1 946)  pointed  out  that  Wrig- 
ley’s  species  should  be  assigned  to  subgenus  Pseudoaluco. 

According  to  Houbrick  (1978),  Pseudovertagus  s.l.  has  its 
origin  in  the  Paleocene,  and  the  subgenus  Pseudoaluco  is  a 
Paris  Basin  taxon  confined  to  the  Eocene.  If  the  Whitaker 
Peak  specimens  belong  to  Pseudovertagus  {Pseudoaluco),  then 
it  would  be  the  first  time  this  genus  and  subgenus  have  been 
reported  from  the  West  Coast  of  North  America,  as  well  as 
the  earliest  occurrence  of  the  subgenus.  Clark  and  Durham 
(1946)  reported  two  species  of  the  subgenus  from  middle 
through  late  Eocene  strata  in  Colombia,  South  America,  but 
Houbrick  (1978)  could  not  justify  placing  them  in  this  sub- 
genus because  of  their  fragmentary  condition. 

Genus  Benoistia  Cossmann,  1899 

Type  Species.  By  original  designation,  Cerithium  muri- 
coides  Lamarck,  1804. 

Benoistia  cantonensis  new  species 

Figures  30,  3 1 

Diagnosis.  Generic  assignment  based  on  the  small,  tur- 
biniform  shell,  medially  angulate  whorls  with  unaligned  var- 
ices, small  angle  at  suture,  and  whorls  covered  with  numerous 
alternating  primary  and  secondary  beaded  spiral  ribs.  Specific 
assignment  based  on  the  four  varices  centered  on  the  medial 
angulation  of  the  body  whorl  and  1 8 narrowly  spaced  primary 
beaded  spiral  ribs  on  the  body  whorl. 

Benoistia  cantonensis  new  species  is  very  similar  to  Be- 
noistia breviculum  (Deshayes,  1824-1837:425-426,  pi.  61, 
figs.  9-12;  Cossmann  and  Pissarro,  1910-1913:pl.  23,  fig. 
136-2)  from  early  Eocene  strata  (Cuisian  Substage)  of  the 
Paris  Basin,  France.  Benoistia  cantonensis  differs  from  nu- 
merous examined  specimens  of  B.  breviculum  in  the  follow- 
ing features:  narrower  interspaces  between  primary  ribs,  few- 
er secondary  spiral  ribs,  weaker  varices  on  the  spire  whorls, 
and  18  rather  than  ten  primary  spiral  ribs  covering  the  body 
whorl.  Also,  B.  cantonensis  has  less  beaded  primary  and 
secondary  ribs,  but  this  difference  may  be  due  to  preserva- 
tion. 

Benoistia  cantonensis  new  species  is  somewhat  similar  to 
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B.  itmpqiiaensis  Turner  (1938:82,  pi.  21,  figs.  8,  10;  Yokes, 
1939:164-165,  pi.  21,  figs.  1,  3,  4 [=Tectarius  ligniticus\o\^es, 
1939];  Givens  and  Kennedy,  1976:964-965,  pi.  1,  figs.  14- 
21)  from  “Domengine  Stage”  strata  in  California  and  south- 
western Oregon.  Benoistia  cantonensis  differs  from  B. 
umpquaensis  in  the  following  features:  only  four  varices  on 
the  middle  portion  of  the  body  whorl  rather  than  seven  or 
eight,  no  varices  or  only  faint  ones  on  the  spire  whorls,  and 
about  1 1 primary  spiral  ribs  on  the  base  of  the  body  whorl 
instead  of  seven. 

Description.  Shell  small,  turbiniform,  with  five  and  one- 
half  whorls.  Spire  whorls  flat-sided.  Suture  slightly  grooved. 
Body  whorl  medially  angulate.  Four  rounded,  oblique  varices 
centered  on  medial  angulation  of  body  whorl.  Some  speci- 
mens with  a few  faint  varices  on  the  spire  whorls.  Varices 
not  aligned.  Small  but  noticeable  angulation  just  anterior  to 
the  suture.  Spire  about  one-fourth  the  height  of  the  shell. 
Protoconch  low,  dome-like,  and  apparently  smooth.  Spire 
whorls  with  about  four  beaded  primary  spiral  ribs  alternating 
with  beaded  secondary  spiral  ribs  that  can  approach  the  pri- 
maries in  strength.  Body  whorl  covered  with  beaded  primary 
spiral  ribs  alternating  with  beaded  secondary  spiral  ribs.  On 
the  body  whorl  and  spire  whorls,  the  primary  spiral  rib  just 
anterior  to  the  suture  has  the  largest  beads.  Generally,  there 
are  1 8 primaries,  seven  posterior  to  and  including  the  medial 
angulation  and  1 1 on  the  base  of  the  body  whorl  (i.e.,  anterior 
to  the  medial  angulation). 

Aperture  either  obscured  with  matrix  or  missing.  Colu- 
mella apparently  smooth.  Holotype  height  (incomplete)  14 
mm,  width  (complete)  9 mm. 

Primary  Type  Material.  LACMIP  holotype  7458,  Juncal 
Formation,  CSUN  locality  802. 

Molluscan  Stage  Range.  “Capay  Stage.” 

Geographic  Distribution.  Whitaker  Peak  area,  southern 
California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  359,  364,  802. 

Remarks.  Three  nearly  complete  and  two  fragmental  spec- 
imens were  found.  The  nearly  complete  specimens  range  in 
height  from  14  to  18  mm. 

According  to  Wenz  ( 1 940),  Benoistia  ranges  from  Paleo- 
cene  into  the  Oligocene  and  is  restricted  to  Europe.  Five 
species,  including  the  type  species,  have  been  reported  from 
Paris  Basin,  France,  Eocene  strata.  Benoistia  brevicula  (De- 
shayes)  is  the  only  species  from  the  early  Eocene  (Cuisian) 
in  that  area. 

Benoistia  cantonensis  new  species  is  the  earliest  species  of 
this  genus  from  West  Coast  strata.  Previously,  B.  umpquaen- 
sis Turner  from  middle  Eocene  (“Domengine  Stage”)  strata 
in  California  and  southwestern  Oregon  was  the  earliest.  Be- 
noistia californica  Clark  (1938:708,  pi.  3,  figs.  2-4)  from  the 
late  Eocene  “Tejon  Stage”  Markley  Formation  of  northern 
California  is  the  only  other  previously  reported  species  of 
Benoistia  from  the  West  Coast. 


Etymology.  The  species  is  named  for  Canton  Canyon, 
Whitaker  Peak  area,  southern  California. 

Family  Campanilidae  Douville,  1904 
Genus  Campanile  Fischer,  1884 

Type  Species.  By  subsequent  designation  (Sacco,  1895), 
Cerithium  giganteum  Lamarck,  1804. 

Campanile  new  species? 

Figures  32,  33 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  837. 

Remarks.  Only  four  fragments  of  upper  spires  were  found, 
and  preservation  is  poor  to  fair.  The  largest  specimen  (Fig. 
33)  is  46  mm  in  height.  Specimens  of  Campanile  new  species? 
have  a noded  carina  on  the  shoulder  of  each  whorl.  The 
Carina,  nodes,  and  parallel-sided  whorls  become  more  prom- 
inent with  increasing  age.  There  are  11  to  13  nodes  on  the 
carina.  Anterior  to  the  carina  are  two  or  three  primary  spiral 
ribs  with  numerous  low  nodes. 

The  material  may  constitute  a new  species,  but  because 
the  specimens  are  so  incomplete,  a positive  determination 
cannot  be  made  at  this  time. 

Campanile  new  species?  is  similar  to  the  only  described 
Eocene  species  of  Campanile  on  the  West  Coast,  namely,  C. 
dilloni  (Hanna  and  Hertlein,  1949:392-394,  pi.  77,  figs.  2, 
4;  text  fig.  1;  Givens,  1974:69,  pi.  7,  fig.  10;  Squires  and 
Advocate,  1986:853,  855,  fig.  2.1)  from  early  Eocene  strata 
of  southern  and  south-central  California.  Although  the  spec- 
imens of  Campanile  new  species?  represent  more  youthful 
growth  stages  than  are  known  for  C.  dilloni.  as  best  as  can 
be  determined  from  the  most  mature  portion  of  C.  new 
species?  and  the  most  youthful  portion  of  C.  dilloni,  C.  new 
species?  has  fewer  carina  nodes  (11  to  13  rather  than  14  to 
16)  and  fewer  spiral  ribs  (two  to  three  rather  than  six)  on  the 
rest  of  the  whorl.  With  future  collecting,  it  is  possible  that 
C.  new  species?  and  C.  dilloni  may  prove  to  be  the  same. 

Campanile  new  species?  superficially  resembles  Campa- 
nile greenellum  Hanna  and  Hertlein  (1939:100-102,  figs.  1, 
2)  from  early  Paleocene  (“Martinez  Stage”)  strata  near  San 
Francisco,  California.  Specimens  of  C.  new  species?  approx- 
imate the  size  of  the  upper  portion  of  the  holotype  of  C. 
greenellum,  and  in  C.  new  species?  the  whorl  profile  is  much 
straighter  and  the  carina  nodes  are  not  as  swollen  nor  as 
elongate  anteriorly. 

The  history  of  the  naming  of  Campanile,  as  well  as  the 
family  Campanilidae,  is  complex.  The  type  species  of  Cam- 
panile, furthermore,  has  been  the  subject  of  much  debate. 
For  an  excellent  summation  of  all  these  difficulties,  the  reader 
is  referred  to  Houbrick  (1981). 

The  name  Campanile  was  used  on  the  West  Coast  until 
Hanna  and  Hertlein  (1949)  used  Iredale’s  (1917)  Campa- 
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nilopa  for  Campanilopa  dilloni  Hanna  and  Hertlein.  Houb- 
rick  (1981)  pointed  out  that  Campanilopa  is  a junior  syn- 
onym of  Campanile.  Wenz  (1940)  also  indicated  this  fact. 
Wrigley  ( 1 940)  regarded  the  English  Eocene  Campanile  species 
to  be  congeneric  with  the  Recent  species.  Campanile  sym- 
boliciim,  and  that  sculptural  differences  do  not  justify  a ge- 
neric separation.  Davies  (1975)  also  did  not  recognize  Cam- 
panilopa as  a distinct  taxon.  Based  on  these  above  remarks 
and  because,  to  date,  no  one  has  actually  fully  discussed  or 
documented  the  morphologic  details  that  are  diagnostic  of 
Campanilopa,  the  name  Campanilopa  is  not  used  in  this 
present  report. 

Superfamily  Calyptraeacea 
Family  Calyptraeidae  Blainville,  1824 
Genus  Calyptraea  Lamarck,  1799 
Type  Species.  By  monotypy.  Patella  chinensis  Linne,  1758. 

Calyptraea  diegoana  (Conrad,  1855) 

Figure  34 

Trochita  diegoana  Conrad,  1855:7,  17;  1857:327,  pi.  5,  fig. 
42. 

Galerus  excentricus  Gabb,  1864:136,  pi.  20,  fig.  95;  pi.  29, 
fig.  232a.  Dickerson,  1913:264. 

Calyptraea  calabasaensis  Nelson,  1925:419,  pi.  54,  figs.  8a-b. 
Calyptraea  (Galerus)  calabasaensis  Nelson.  Clark  and 
Woodford,  1927:120,  pi.  21,  figs.  10-13. 

Calyptraea  diegoana  (Conrad).  Stewart,  1927:340-341,  pi. 
27,  fig.  15.  Turner,  1938:89-90,  pi.  20,  figs.  1-2.  Weaver, 
1943:351-352,  pi.  71,  figs.  16,  20;  pi.  103,  fig.  3;  1953:29. 
Stewart,  1946:pl.  11,  fig.  5.  Kleinpell  and  Weaver,  1963: 
186,  pi.  24,  fig.  7.  Hickman,  1969:79,  82,  pi.  11,  figs.  7- 
8;  1980:33-34,  pi.  2,  figs.  18-21.  Smith,  1975:469,  table 
2.  Givens  and  Kennedy,  1979:table  2.  Demere,  Sundberg, 
and  Schram,  1979:pl.  2,  fig.  7.  Squires,  1984:21,  fig.  6q. 

Primary  Type  Material.  USNM  holotype  1856,  Tejon? 
horizon,  San  Diego,  California. 

Molluscan  Stage  Range.  “Martinez”  through  lower  Oli- 
gocene. 

Geographic  Distribution.  San  Diego,  California  through 
Washington. 

Local  Occurrence.  Turrit ella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  359,  361,  364,  816,  827, 
835,  838,  844,  845.  Turritella  uvasana  applinae  fauna,  Juncal 
Formation:  CSUN  localities  363,  828. 

Remarks.  At  localities  361,  363,  816,  835,  838,  and  844, 
only  single  specimens  were  found.  At  each  of  the  localities 
359,  364,  827,  and  828,  five  to  nine  specimens  were  found. 
Specimens  were  most  abundant  at  locality  358  where  1 5 were 
found,  and  they  represent  a partial  growth  series.  At  all  lo- 
calities except  827,  specimens  are  unattached.  At  locality 
827,  one  individual  of  C.  diegoana  is  apparently  attached  to 
the  carinate  shoulder  region  on  a specimen  of  Clavilithes 


tabulatus,  and  a second  individual  is  atttached  to  another 
specimen  of  C.  diegoana. 

Genus  Crepidiila  Lamarck,  1799 

Type  Species.  By  monotypy.  Patella  fornicata  Linne. 

Crepidula  new  species? 

Figure  35 

Crepidula  new  species.  Squires,  1977:table  1. 

Local  Occurrence.  Turritella  uvasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  locality  219. 

Remarks.  Only  a single  specimen  was  found,  and  it  is  a 
partial  internal  mold.  The  shell  interior  is  filled  with  very 
hard  matrix,  and  the  septum  cannot  be  exposed  without 
destroying  the  shell. 

The  spire  is  moderately  elevated  and  is  just  left  of  the  center 
of  the  shell.  The  specimen  may  be  a new  species,  but  due  to 
poor  preservation  a specific  determination  cannot  be  made 
at  this  time. 

If  this  Whitaker  Peak  specimen  is  a new  species,  then  it 
would  be  the  earliest  one  on  the  West  Coast.  Previously,  the 
earliest  known  species  of  Crepidula  from  the  West  Coast  was 
Crepidula  (Spirocrypta)  inornata  Dickerson  (1916:489,  pi. 
38,  figs.  5a,  b)  from  the  Domengine  Formation  (“Domengine 
Stage”)  near  Coalinga,  California.  Crepidula  new  species? 
differs  from  it  in  the  following  features:  larger,  upper  aperture 
margin  is  straight  not  curved,  and  the  spire  is  much  nearer 
the  center  of  the  shell.  The  only  other  described  Eocene  species 
of  Crepidula  from  the  West  Coast  is  C.  (Spirocrypta)  pileum 
(Gabb,  1864:137,  pi.  29,  figs.  233,  233a,  b;  Anderson  and 
Hanna,  1925:122,  pi.  13,  fig.  7;  Stewart,  1927:341-342,  pi. 
29,  figs.  2,  3;  Clark,  1938:701,  pi.  4,  fig.  19;  Turner,  1938: 
90,  pi.  20,  fig.  6;  Weaver,  1943:356,  pi.  72,  figs.  10,  16;  pi. 
103,  fig.  15;  Kleinpell  and  Weaver,  1 963: 1 86-1 87:pl.  24,  figs. 
8,  10,  1 1;  Givens,  1974:71;  Demere,  Sundberg,  and  Schram, 
(1979:table  1)  from  upper  Eocene  to  lower  Oligocene  strata 
in  California  through  Washington.  Stewart  (1927),  Turner 
(1938),  and  Hoagland  (1977)  even  considered  C.  (S.)  inor- 
nata and  C (N. ) pileum  to  be  the  same.  Crepidula  new  species? 
differs  from  C.  (S.)  pileum  in  the  following  features:  spire 
more  elevated  and  nearer  the  central  part  of  the  shell. 

Dickerson  ( 19 1 5:pl.  5,  figs.  6a,  b)  illustrated  Crepidula  new 
species  from  Eocene  strata  in  the  San  Emigdio  Mountains, 
south-central  California,  but  he  did  not  describe  or  discuss 
the  new  species.  Crepidula  new  species?  from  the  Whitaker 
Peak  area  differs  from  Dickerson’s  new  species  in  the  follow- 
ing features:  spire  not  marginal  and  the  protoconch  does  not 
project  beyond  the  margin  of  the  shell. 

Superfamily  Strombacea 
Family  Strombidae  Rafinesque,  1815 
Genus  Ectinochilus  Cossmann,  1889 

Type  Species.  By  original  designation,  Strombus  canalis. 
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Subgenus  Macilentos  Clark  and  Palmer,  1923 

Type  Species.  By  original  designation,  Rimella  inacilenta 
White,  1889. 

Ectinochiliis  {Macilentos)  macilentus 
(White,  1889) 

Figure  36 

Rimella  macilenta  White,  1889:19,  pi.  3,  figs.  10-12. 
Ectinochilus  (Macilentos)  macilentus  (White).  Clark  and 
Palmer,  1923:280,  pi.  51,  figs.  9-10.  Givens,  1974:72,  pi. 
7,  figs.  13,  16.  Squires,  1977:table  1;  1983b:fig.  9b;  1984: 
21-22,  fig.  6s. 

Rimella  (Macilentos)  macilenta  White.  Yokes,  1939:155- 
156,  pi.  20,  figs.  1-2,  4-5. 

Ectinochilus  macilentus  (White).  Stewart,  1946:93,  pi.  11, 
figs.  12-15.  Givens  and  Kennedy,  1979:83,  table  1. 

Primary  Type  Material.  USNM  holotype  201  14,  Domen- 
gine  Formation,  about  3 km  north  of  New  Idria,  section  16, 
T 17  S,  R 12  E,  Priest  Valley  quadrangle,  Fresno  County, 
California;  CAS  paratype  769,  Llajas  Formation,  CAS  lo- 
cality 393. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  San  Diego  through  central  Cal- 
ifornia. 

Local  Occurrence.  Turrit ella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  359,  362,  807,  842.  Tur- 
ritella  uvasana  applinae  fauna,  Juncal  Formation:  CSUN 
localities  363,  828.  Turritella  uvasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  localities  219,  232,  237,  808. 

Remarks.  Fourteen  specimens  were  found  at  localities  219 
and  362  and  preservation  is  good.  Elsewhere,  about  eight 
specimens  were  found  at  each  locality,  and  preservation  is 
poor  with  internal  molds  common. 

Genus  ChedeviUia  Cossmann,  1906 

Type  Species.  By  original  designation,  Rimella  munieri 
Chedeville,  1904a. 

ChedeviUia  saltonensis 
Squires  and  Advocate,  1986 
Figure  37 

ChedeviUia  saltonensis  Squires  and  Advocate,  1986:855-856, 
figs.  2. 2-2. 4. 

Primary  Type  Material.  UCLA  holotype  28987,  Maniobra 
Formation,  CSUN  locality  662. 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Orocopia  Mountains  through 
Whitaker  Peak  area,  southern  California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  360,  830. 

Remarks.  One  specimen  was  found  at  locality  360,  and 
two  were  found  at  locality  830.  Preservation  is  poor.  The 


specimens  show  the  flange  that  extends  along  the  right  margin 
of  the  shell  and  the  characteristic  intricate  cancellate  sculp- 
ture pattern  on  the  surface  of  the  shell.  In  the  interspaces 
between  the  primary  spiral  ribs,  there  are  three  fine  spiral 
ribs.  Another  characteristic  feature  present  is  a noded,  an- 
gulate  shoulder  on  the  apertural  half  of  the  body  whorl.  The 
nodes  on  the  Whitaker  Peak  specimens  are  larger  than  those 
on  the  holotype  and  slightly  elongate. 

The  presence  of  C.  saltonensis  in  the  Whitaker  Peak  area 
IS  the  first  report  of  this  species  outside  of  the  type  area  in 
the  Maniobra  Formation  in  the  Orocopia  Mountains,  Riv- 
erside County,  southern  California. 


Family  Seraphsidae  Jung,  1974 

Gtnns  Par aseraphs  ]\xng,  1974 

Type  Species.  By  original  designation,  Paraseraphs  tetanus 
Jung,  1974  [=Terebellum  fusiforme  of  authors,  not  of  La- 
marck]. 

Paraseraphs  erraticiis  (Cooper,  1894) 

Figure  38 

Tornatina  erratica  Cooper,  1894:47,  pi.  2,  fig.  35,  Waring, 
1917:pl.  15,  fig.  11. 

Terebellum  californicum  Yokes,  1939:157,  pi.  20,  figs.  7-8, 
11. 

Terebellum  (Terebellum)  erraticum  (Cooper).  Kleinpell  and 
Weaver,  1963:189,  pi.  25,  figs.  8-9. 

Paraseraphs  erraticiis  (Cooper).  Jung,  1974:41,  pi.  12,  figs. 
8-14;  pi.  13,  figs.  1-3.  Givens  and  Kennedy,  1979:87,  ta- 
bles 1,  3.  Squires,  1984:23,  fig.  7a. 

Primary  Type  Material.  CAS  holotype  608,  Eocene  strata. 
Rose  Canyon,  San  Diego,  California. 

Molluscan  Stage  Range.  “Capay”  through  “Transition.” 
Geographic  Distribution.  San  Diego  through  central  Cal- 
ifornia. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  362,  825,  830,  851. 

Remarks.  Six  specimens  were  found  at  locality  362,  and 
single  specimens  were  found  at  each  of  the  other  localities. 
Preservation  is  generally  fair,  but  the  outer  lip  area  has  been 
broken  off  in  all  specimens.  In  addition,  details  of  the  inner 
lip  and  posterior  canal  areas  are  obscured  due  to  preserva- 
tion. 

The  presence  of  P.  erraticiis  in  the  Turritella  uvasana  infera 
fauna  of  the  Whitaker  Peak  section  extends  the  molluscan 
stage  range  of  this  species  into  the  “Capay  Stage”  proper. 
Previously,  the  lower  range  limit  had  been  known  to  be  up- 
permost “Capay”  (Squires,  1984). 

According  to  Jung  (1974),  Paraseraphs  appeared  during 
the  early  Eocene  in  France  and  Italy  and  reached  California 
in  the  middle  Eocene.  Due  to  the  presence  of  this  taxon  in 
the  “Capay  Stage”  portion  of  the  Juncal  Formation,  Whit- 
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Figures  36—45.  Whitaker  Peak  area  Eocene  mesogastropods.  Unless  otherwise  indicated,  views  are  apertural.  36.  Ectinochilus  (Macilentos) 
macilentiis  (White.  1889).  x 1.8.  height  25  mm.  width  1 1 mm,  LACMIP  hypotype  7463,  CSUN  loc.  237.  37.  Chedevillia  saltonensis  Squires 
and  Advocate,  1 986,  abapertural  view,  x 2,  height  23  mm,  width  1 6 mm,  LACMIP  hypotype  7464,  CSUN  loc.  830.  38.  Paraseraphs  erraticus 
(Cooper,  1894),  x 1.8,  height  27  mm,  width  6 mm,  LACMIP  hypotype  7465,  CSUN  loc.  362.  39-41.  Gisortia  new  species?  All  parts  xO.75, 
height  122  mm,  width  75  mm,  LACMIP  hypotype  7466,  CSUN  loc.  848.  39.  Side  view,  thickness  51  mm.  40.  Abapertural  view,  mostly 
internal  mold.  42.  Crommium  pinyonensis  (Dickerson,  1914),  x2.5,  height  17  mm,  width  13  mm,  LACMIP  7467,  CSUN  loc.  802.  43. 
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aker  Peak  area,  the  arrival  of  this  gastropod  in  California  can 
now  be  pushed  back  to  the  early  Eocene. 

Superfamily  Cypraeacea 
Family  Cypraeidae  Gray,  1824 
Subfamily  Bemayinae  Schilder,  1927 
Genus  Gisortia  Jousseaume,  1884a 

Type  Species.  By  subsequent  designation  (Jousseaume, 
1884b),  Ovula  gisortina  Passy. 

Gisortia  clarki  Ingram,  1940 

Figures  39-41 

Gisortia  new  species  Clark  and  Yokes,  1936:877,  pi.  2,  figs. 

1,  3. 

Gisortia  clarki  Ingram,  1940:376-377,  fig.  1;  1942:19,  pi.  4, 

fig.  1;  1947:63-64,  pi.  3,  fig.  1. 

Primary  Type  Material.  UCMP  holotype  14844,  lower 
Llajas  Formation,  UCMP  locality  4052  (see  comment  be- 
low). 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Simi  Valley  area,  southern  Cal- 
ifornia, through  southern  San  Joaquin  Valley,  south-central 
California. 

Local  Occurrence.  Turrit ella  itvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  807?,  837,  848. 

Remarks.  Only  one  complete  specimen  was  found.  It  is 
from  locality  848  and  is  a large  individual  that  measures  122 
mm  in  height  and  75  mm  in  diameter.  Most  of  the  dorsal 
shell  convexity  (thickness)  is  represented  by  an  external  mold. 
This  convexity  is  5 1 mm  high  (above  the  flat  shell  venter) 
where  it  reaches  its  maximum  at  the  midpoint  of  the  dorsum. 
The  spire  is  obscured  by  matrix.  The  narrow  aperture  curves 
to  the  left  posteriorly  and  to  a much  lesser  degree  anteriorly. 
Several  small  teeth  are  present  on  the  outer  lip  in  the  anterior 
half  of  the  aperture  (rest  of  aperture  filled  with  matrix).  At 
locality  837,  only  a poorly  preserved  outer  lip  (height  90 
mm)  was  found. 

The  holotype  is  seemingly  wider  ventrally  and  more  swol- 
len dorsally  when  compared  to  the  Whitaker  Peak  specimen, 
but  the  apparent  differences  are  due  to  the  better  preservation 
of  the  holotype. 

The  type  locality  (UCMP  locality  4052)  given  by  Clark 
and  Yokes  ( 1 936)  and  Ingram  ( 1 940,  1 942,  1 947)  is  generally 
described  as  in  the  “Capay  Stage”  portion  of  the  Llajas  For- 
mation. In  the  UCMP  official  files  on  localities,  however, 
this  locality  is  assigned  to  the  Pliocene  Pico  Formation  in 
the  Santa  Clarita  River  Valley  north  of  Simi  Valley,  Cali- 
fornia. Details  as  to  the  exact  location  of  the  type  locality  of 
G.  clarki,  therefore,  are  lacking. 


A small  internal  mold  specimen  of  Gisortia  sp.  cf  G.  clarki 
Ingram,  reported  by  Smith  (1975:pl.  2,  figs.  9,  13)  from  the 
late  Paleocene  (“Martinez  Stage”)  basal  Lodo  Formation  in 
central  California  is  too  poorly  preserved  to  allow  positive 
assignment  to  G.  clarki. 

Classification  of  Gisortia  in  this  present  report  follows  that 
of  Schilder  (1967). 

Superfamily  Naticacea 
Family  Naticidae  Forbes,  1838 
Subfamily  Ampullospirinae  Cox,  1930 
Genus  Crommiiim  Cossmann,  1888 

Type  Species.  By  original  designation,  Ampullaria  wille- 
metii  Deshayes,  1825. 

Crommium  pinyonensis  (Dickerson,  1914) 

Figure  42 

Natica  pinyonensis  Dickerson,  1914a:295  [nomen  nudum]\ 

1914b:302,  pi.  29,  figs.  5a-b. 

""Polinices”  sp.  cf  "‘‘P."  pinyonensis  (Dickerson).  Smith,  1975: 

469,  pi.  2,  figs.  22-23. 

Crommium  pinyonensis  (Dickerson).  Marincovich,  1977:227- 

228,  pi.  18,  figs.  8,  11-13  [not  figs.  9-10  = Ampullella 

(Ampullella)  schencki  Yokes,  1939]. 

Primary  Type  Material.  UCMP  holotype  11761,  UCMP 
paratype  11760,  so-called  Martinez  Formation,  at  Shoe- 
maker, Rock  Creek  quadrangle,  Los  Angeles  County,  Cali- 
fornia. 

Molluscan  Stage  Range.  Upper  Paleocene  through  “Do- 
mengine.” 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  central  California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  364,  802,  823,  831?,  832,  833, 
845,  846. 

Remarks.  This  naticid  is  fairly  common  in  the  Turritella 
uvasana  infera  fauna.  At  most  localities  where  it  is  present, 
there  are  fewer  than  five  specimens.  At  localities  832  and 
833,  20  specimens  each  were  found,  and  at  locality  802  about 
100  specimens  were  collected.  At  localities  802,  832,  and 
833,  the  specimens  occur  in  several  closely  spaced,  thin- 
bedded  channel-fill  deposits  that  are  extremely  rich  in  Crom- 
mium pinyonensis  and  Eocernina  hannibali. 

This  species  is  distinguished  by  its  narrow  umbilical  open- 
ing, which  may  be  closed  in  some  specimens.  Marincovich 
(1977:227,  pi.  18,  figs.  8,  1 1-1 3)  described  the  parietal  callus 
of  Crommium  pinyonensis  as  having  an  anterior  lobe  that 
slightly  overhangs  the  umbilicus.  This  is  evident,  however, 
only  on  the  illustrated  specimens  (Marincovich,  1977:pl.  18, 
figs.  9,  10)  of  Ampullella  (Ampullella)  schencki.  The  inner 
lip  is  also  reflected  along  its  entire  length  in  A.  (A.)  schencki. 


Eocernina  hannibali  (Dickerson,  1914),  xO.9,  height  67  mm,  width  50  mm,  LACMIP  hypotype  7468.  CSUN  loc.  237.  44.  Pachycronuniuni 
clarki  (Stewart,  1927),  x l,  height  51  mm,  width  40  mm,  LACMIP  hypotype  7469,  CSUN  loc.  358.  45.  Amaurellina  caleocia  Yokes,  1939, 
side  view,  x2,  height  15  mm,  width  12.5  mm,  LACMIP  hypotype  7470,  CSUN  loc.  219. 
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whereas  in  typical  Crommium  only  the  anterior  end  is  re- 
flected. 

Genus  Eocemina  Gardner  and  Bowles,  1934 

Type  Species.  By  original  designation,  Natica  hannibali 
Dickerson,  1914c. 

Eocemina  hannibali  (Dickerson,  1914) 

Figure  43 

Natica  hannibali  Dickerson,  19 14c:  119,  pi.  12,  figs.  5a-b; 
1916:508,  pi.  38,  figs.  9a-b. 

Natica  (Cryptonatica)  hannibali  Dickerson.  Waring,  1917: 
pi.  15,  figs.  21-23. 

Ampiillina  hannibali  (Dickerson).  Hanna,  1927:306,  pi.  48, 
figs.  1-3,  10. 

Ampiillina  (Globularia)  hannibali  (Dickerson).  Clark,  1929: 
pi.  11,  fig.  12. 

Cernina  (Eocemina)  hannibali  (Dickerson).  Turner,  1938: 
87-88,  pi.  19,  fig.  3.  Yokes,  1939:172,  pi.  22,  figs.  1,  3. 
Weaver,  1943:348-349,  pi.  71,  figs.  8-9,  21,  23. 
Eocemina  hannibali  (Dickerson).  Hanna  and  Hertlein,  1941: 
fig.  62-17.  Marincovich,  1977:229-231,  pi.  18,  fig.  14;  pi. 
19,  figs.  1-4.  Givens  and  Kennedy,  1979:87,  tables  1,  3. 
Squires,  1983b:fig.  9c;  1984:24,  fig.  7c. 

Globularia  (Eocemina)  hannibali  (Dickerson).  Stewart,  1946: 
pi.  11,  fig.  18.  Givens,  1974:75,  pi.  9,  figs.  1,  3.  Squires, 
1977:table  1. 

Primary  Type  Material.  CAS  holotype  243,  Umpqua  For- 
mation, CAS  locality  25. 

Molluscan  Stage  Range.  “Capay”  through  “Transition.” 
Geographic  Distribution.  San  Diego,  California  through 
southwestern  Oregon. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  359,  360,  361,  364?,  802, 
8037,  807,  8107,  812,  814,  8187,  823,  824,  826,  827,  830, 
831,  832,  833,  835,7,  837,  844,  845,  850.  Turritella  uvasana 
applinae  fauna,  Matilija  Sandstone?:  CSUN  localities  2197, 
232,  237,  809? 

Remarks.  Eocemina  hannibali  is  a pervasive  species  in  the 
Juncal  Formation,  especially  in  the  Turritella  uvasana  infera 
fauna.  At  most  localities  less  than  six  specimens  were  found. 
At  localities  358,  827,  837,  845,  and  850  about  20  specimens 
each  were  found.  Growth  series  are  present  at  localities  237, 
827,  837,  845,  and  850.  The  largest  specimens  (up  to  78  mm 
height)  were  found  at  locality  837.  At  localities  802  and  833, 
the  specimens  occur  in  several  closely  spaced,  thin-bedded 
channel-fill  deposits  that  are  extremely  rich  in  E.  hannibali 
and  Crommium  pinyonensis. 

Genus  Pacbycromniiitm  Woodring,  1928 

Type  Species.  By  original  designation,  Amaura  guppyi 
Gabb,  1873. 


Pachycrommium  clarki  (Stewart,  1927) 

Figure  44 

Amauropsis  alveata  (Conrad).  Arnold,  1910:pl.  4,  fig.  21. 
Dickerson,  1915:pl.  5,  fig.  9.  Waring,  1917:pl.  15,  fig.  25. 
[Misidentifications.] 

Amaurellina  (Euspirocrommium)  clarki  Stewart,  1927:336- 
339,  pi.  26,  figs.  8-9  [new  name,  in  part,  for  Amauropsis 
alveata  (Conrad,  1855),  preoccupied  and  misidentified]. 
Clark,  1929:pl.  1 1,  fig.  10.  Turner,  1938:86,  pi.  20,  fig.  3. 
Weaver,  1943:345,  pi.  70,  figs.  10,  1 8.  Kleinpell  and  Wea- 
ver, 1963:188,  pi.  27,  fig.  15. 

Amaurellina  clarki  Stewart.  Gardner  and  Bowles,  1934:246, 
figs.  6,  8. 

Amaurellina?  multiangulata  Yokes,  1939:174,  pi.  22,  figs.  2, 
8,  13. 

Pachycrommium?  clarki  (Stewart).  Yokes,  1939:175,  pi.  22, 
figs.  11,  30.  Givens,  1974:73,  pi.  8,  figs.  6,  10.  Squires, 
1977:table  1. 

Amaurellina  (Euspirocrommium?)  clarki  Stewart.  Stewart, 
1946:pl.  1 1,  fig.  3. 

Pachycrommium  clarki  (Stewart).  Marincovich,  1977:238- 
241,  pi.  20,  figs.  4-10.  Squires,  1983b:fig.  9b;  1984:25,  fig. 
7e. 

Primary  Type  Material.  UCMP  holotype  31385,  UCMP 
paratype  31386  oi  Amaurellina  (Euspirocrommiutn)  clarki 
Stewart,  Llajas  Formation,  UCMP  locality  7004. 

Molluscan  Stage  Range.  “Capay”  through  “Tejon.” 
Geographic  Distribution.  San  Diego,  California  through 
northern  Washington. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  359,  8037,  829,  830,  8417. 
Turritella  uvasana  applinae  fauna,  Juncal  Formation:  CSUN 
locality  828.  Turritella  uvasana  applinae  fauna,  Matilija 
Sandstone?:  CSLIN  localities  219,  232,  237,  8087. 

Remarks.  At  most  localities,  there  are  only  a few  poorly 
preserved  fragmentary  specimens.  Best  preservation  is  at  lo- 
cality 358  where  six  large  specimens  were  found.  About  12 
specimens  were  found  at  localities  219  and  237,  and  these 
specimens  represent  a partial  growth  series. 

This  large  species  with  a high  spire  is  characterized  by 
strong  tabulation  on  the  body  and  penultimate  whorls.  This 
tabulation  becomes  progressively  less  toward  the  apex. 

The  earliest  name  used  for  this  species,  Amauropsis  alveata 
(Conrad),  was  based  on  Natica  alveata  Conrad,  1855,  which 
is  a homonym  of  N.  alveata  Troschel,  1852.  Early  workers 
mistakenly  used  the  name  Amauropsis  alveata  (Conrad)  to 
refer  to  three  different  species,  now  referred  to  as  Tejonia 
moragai  (Stewart),  Pachycrommium  clarki  (Stewart),  and 
Amaurellina  caleocia  Yokes  (Marincovich,  1977). 

Genus  Amciiirellina  Fischer,  1885 

Type  Species.  By  monotypy,  Ampullaria  spirata  Lamarck, 
1804. 
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AmaiireUina  caleocia  Yokes,  1939 

Figure  45 

Amauropsis  alveata  (Conrad).  Dickerson,  1916:pl.  38,  fig.  7. 
[Misidentification.] 

Amaurellitia  caleocia  Yokes,  1939:172-173,  pi.  22,  figs.  4- 
6 [new  name,  in  part,  for  Amauropsis  alveata  (Conrad)  of 
Dickerson,  1916,  preoccupied  and  misidentified].  Marin- 
covich,  1977:241-243,  pi.  20,  figs.  11-13;  pi.  21,  figs.  1- 
2.  Kappeler,  Squires,  and  Fritsche,  1984:table  2. 
Amaurellina  garzaensis  Yokes,  1939:173,  pi.  22,  figs.  9,  12, 
16.  Marincovich,  1977:241,  pi.  20,  fig.  13. 

Primary  Type  Material.  UCMP  holotype  33781,  UCMP 
paratype  15862  of  Amaurellina  caleocia  Yokes,  Domengine 
Formation,  UCMP  locality  672. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  Orocopia  Mountains,  southern 
California  through  central  California. 

Local  Occurrence.  Turritella  iivasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  361,  827,  842,  845.  Turritella 
Iivasana  applinae  fauna,  Matilija  Sandstone?:  CSUN  local- 
ities 219,  232. 

Remarks.  Only  a few  specimens  were  found  at  each  lo- 
cality, except  at  locality  36 1 where  1 5 specimens  were  found. 
This  species  is  characterized  by  the  elevated  spire  and  pres- 
ence of  minute  spiral  sculpture  on  the  body  whorl.  Previ- 
ously, this  species  has  not  been  reported  specifically  as  rang- 
ing into  the  “Capay  Stage.” 

See  “Remarks”  under  Pachycrommium  clarki  for  a dis- 
cussion of  the  early  nomenclatural  history  of  this  species. 

Subfamily  Polinicinae 
Finlay  and  Marwick,  1937 

Genus  Polinices  Montfort,  1810 

Type  Species.  By  subsequent  designation,  Polinices  albus 
Montfort,  1810. 

Subgenus  (Euspira)  Agassiz  in  J.  Sowerby,  1838 

Type  Species.  By  subsequent  designation  (Flarris,  1897), 
Ampullaria  sigaretina  Lamarck,  1804. 

Polinices  {Euspira)  nuciformis  (Gabb,  1864) 

Figure  46 

Lunatia  nuciformis  Gabb,  1864:107,  pi.  28,  fig.  218.  Dick- 
erson, 1916:pl.  39,  fig.  4. 

Lunatia  cowlitzensis  Dickerson,  1915:57,  pi.  4,  figs.  12a-b. 
Natica  nuciformis  (Gabb).  Anderson  and  Hanna,  1925:1 16, 
pi.  10,  fig.  8. 

Polinices  (Euspira)  nuciformis  (Gabb).  Clark  and  Woodford, 
1927:121,  pi.  21,  figs.  16-17.  Turner,  1938:88,  pi.  20,  figs. 
4-5.  Clark,  1938:703-704,  pi.  4,  figs.  26,  31.  Yokes,  1939: 


168,  pi.  21,  figs.  12-14.  Weaver,  1943:342-343,  pi.  70, 
figs.  1-2;  pi.  103,  fig.  2.  Hickman,  1980:37-38,  pi.  4,  fig.  8. 

Euspira  nuciformis  (Gabb).  Stewart,  1927:323-324,  pi.  30, 
fig.  16;  1946:pl.  1 1,  fig.  16.  Weaver,  1953:29.  Givens,  1974: 
77,  pi.  7,  fig.  14.  Squires,  1977:table  1. 

Polinices  (Euspira)  nuciformis  var.  cowlitzensis  (Dickerson). 

Weaver,  1943:343,  pi.  69,  figs.  10-1 1,  13-19. 

Polinices  (Euspira)  nuciformis  (Gabb).  Marincovich,  1977: 
281-285,  pi.  26,  figs.  6-9.  Squires,  1984:25,  fig.  7f 

Primary  Type  Material.  ANSP  lectotype  42 1 3,  designated 
by  Stewart  ( 1 927:323),  Tejon  Formation,  Live  Oak  Canyon, 
Kern  County,  California. 

Molluscan  Stage  Range.  Upper  Paleocene  through  “Te- 
jon.” 

Geographic  Distribution.  San  Diego,  California  through 
southwestern  Oregon. 

Local  Occurrence.  Turritella  iivasana  applinae  fauna,  Ma- 
tilija Sandstone?:  CSUN  localities  219,  237. 

Remarks.  A single  specimen  was  found  at  locality  2 1 9,  and 
five  specimens  were  found  at  locality  237.  The  globose  spec- 
imens show  the  characteristic  open  umbilicus. 

Gqxwxs,  Neverita  Risso,  1826 

Type  Species.  By  monotypy,  Neverita  josephina  Risso, 
1826. 

Subgenus  Neverita  s.s. 

Neverita  (Neverita)  globosa  Gabb,  1869 

Figure  47 

Neverita  globosa  Gabb,  1869:161,  pi.  27,  fig.  39.  Dickerson, 
1 9 1 6:5 1 0,  pi.  39,  figs.  5a-b.  Stewart,  1 927:326-327,  pi.  28, 
fig.  6.  Clark  and  Woodford,  1927: 121-122,  pi.  22,  figs.  5- 
10.  Turner,  1938:89,  pi.  19,  figs.  6-7,  13-15.  Yokes,  1939: 

169,  pi.  21,  figs.  9,  15-19.  Givens  and  Kennedy,  1979: 
tables  1-3. 

Neverita  weaveri  Dickerson,  1915:57,  pi.  4,  figs.  lOa-b. 
Neverita  nomlandi  Dickerson,  1 9 1 7b:  1 73-1 74,  pi.  30,  figs. 
2a-b. 

Polinices  weaveri  (Dickerson).  Turner,  1938:86,  pi.  20,  figs. 
14,  16. 

Neverita  globosa  reefensis  Yokes,  1939:169,  pi.  21,  figs.  24- 
25. 

Polinices  (Neverita)  globosa  (Gabb).  Weaver,  1943:339,  pi. 

68,  figs.  21,  24;  pi.  69,  figs.  5-6;  pi.  100,  fig.  29. 

Polinices  (Neverita)  weaveri  (Dickerson).  Weaver,  1943:340, 
pi.  68,  figs.  16-17;  pi.  69,  fig.  3. 

Polinices  (Neverita)  nomlandi  (Dickerson).  Weaver,  1943: 
340,  pi.  69,  figs.  8-9,  12. 

Neverita  (Neverita)  globosa  Gabb.  Givens,  1974:76.  Marin- 
covich, 1977:312-316,  pi.  28,  figs.  10-15;  pi.  29,  figs.  1- 
3.  Squires,  1984:25,  fig.  7g. 
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Figures  46-62.  Whitaker  Peak  area  Eocene  mesogastropods  and  neogastropods.  Unless  otherwise  noted,  views  are  apertural.  Figs.  46-53. 
Mesogastropods.  46.  Polinices  (Eiispira)  midformis  Gabb,  1869,  x4,  height  9 mm,  width  8 mm,  LACMIP  hypotype  7471,  CSUN  loc.  219. 
47.  Neverita  (Neverila)  globosa  Gabb,  1869,  x 3. 1,  height  13  mm,  width  10  mm,  LACMIP  hypotype  7472,  CSUN  loc.  827.  48.  Sinum  obliquum 
(Gabb,  1864),  abapertural  view,  x 2.5,  height  14.5  mm,  width  14  mm,  LACMIP  hypotype  7473,  CSUN  loc.  237.  49.  Galeodea  (Gomphopages) 
meganosemis  Yokes,  1939,  abapertural  view,  x2.7,  height  15  mm,  width  13  mm,  LACMIP  hypotype  7474,  CSUN  loc.  845.  50.  Phalium 
(Semicassis)  tubercuUformis  (Hanna,  1924),  internal  mold,  side  view,  xL5,  height  29  mm,  width  17  mm,  LACMIP  hypotype  7475,  CSUN 
loc.  219.  51-52.  Sassia  bilineata  (Dickerson,  1916).  All  parts  x2.5,  height  15.5  mm,  width  8 mm,  LACMIP  hypotype  7476,  CSUN  loc.  802. 
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Neverita  (Glossaidaxl)  globosa  Gabb.  Givens  and  Kennedy, 
1976:965-966,  pi.  2,  figs.  5-14,  16,  18-19. 

Primary  Type  Material.  MCZ  holotype  27859,  Domen- 
gine?  Formation,  1 6 km  west  of  Griswold’s,  on  the  road  from 
San  Juan  to  New  Idria,  and  southeast  of  the  “Sheep  Well,” 
T 1 5 S,  R 9 E,  Priest  Valley  quadrangle,  San  Benito  County, 
California. 

Molluscan  Stage  Range.  “Meganos”  through  upper  Eocene. 
Geographic  Distribution.  San  Diego,  California  through 
western  Washington. 

Local  Occurrence.  Tunitella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  802,  827,  845. 

Remarks.  At  all  of  the  localities  except  358  (where  only 
one  specimen  was  found),  six  to  nine  specimens  were  found. 
At  locality  845,  a growth  series  was  found  with  specimens 
ranging  in  height  from  5 to  18  mm.  The  larger  specimens 
are  more  elongate  than  the  more  globose  smaller  specimens. 
Preservation  of  the  distinctive,  heavy  parietal  callus  is  ex- 
cellent in  all  the  Whitaker  Peak  specimens. 

Subfamily  Sininae  Wenz,  1941 
Gtnns  Sinum  Roding,  1798 

Type  Species.  By  subsequent  designation  (Dali,  1915),  //e- 
lix  haliotoidea  Ginnh,  1758. 

Sinwn  obliqiiwn  (Gabb,  1864) 

Figure  48 

Naticina  obliqua  Gabb,  1864:109,  pi.  21,  fig.  1 12.  Dickerson 
1915:pl.  5,  figs.  5a-b. 

Sinum  occidentis  Weaver  and  Palmer,  1922:32-33,  pi.  11, 
figs.  8,  26.  Weaver,  1943:351,  pi.  71,  fig.  15. 

Sinum  coryliforme  Anderson  and  Hanna,  1925:120,  pi.  9, 
fig.  10;  pi.  10,  fig.  15;  pi.  15,  fig.  8. 

Sinum  obliqiium  (Gabb).  Stewart,  1927:327,  pi.  30,  fig.  7a. 
Clark,  1938:704,  pi.  3,  figs.  32,  37.  Weaver,  1943:350- 
351,  pi.  71,  fig.  13;  pi.  103,  fig.  6.  Moore,  1968:28,  pi.  12d. 
Hickman,  1969:85-88,  pi.  11,  figs.  9-10;  1980:40-41,  pi. 
4,  figs.  12-13.  Marincovich,  1977:347-350,  pi.  33,  figs.  1- 
12.  Squires,  1977:table  1;  1984:26,  fig.  7h.  Givens  and 
Kennedy,  1979:table4. 

Primary  Type  Material.  ANSP  lectotype  42 1 5,  designated 
by  Stewart  (1927:327),  Tejon  Formation,  Fort  Tejon  area, 
Kern  County,  California. 


Molluscan  Stage  Range.  “Capay”  through  lower  Oligo- 
cene. 

Geographic  Distribution.  San  Diego,  California  through 
southwestern  Washington. 

Local  Occurrence.  Tunitella  uvasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  locality  237. 

Remarks.  Only  three  specimens  were  found.  Preservation 
is  good,  and  the  distinctive  spiral  sculpture  is  well  preserved. 

Superfamily  Tonnacea 
Family  Cassidae  Swainson,  1832 
Genus  Galeodea  Link,  1 807 

Type  Species.  By  monotypy,  Buccinum  echinophorum 
Linne,  1758. 

Subgenus  Gomphopages  Gardner,  1939 

Type  Species.  By  original  designation,  Galeodea  turneri 
Gardner,  1939. 

Galeodea  (Gomphopages)  meganosensis 
Yokes,  1939 

Figure  49 

Galeodea  sutterensis  Dickerson.  Clark  and  Woodford,  1927: 

1 13,  pi.  19,  fig.  21.  [Misidentification  Yokes,  1939.] 
Galeodea  sutterensis  meganosensis  Yokes,  1939: 1 5 1-152,  pi. 

19,  fig.  18. 

Galeodea  (Gomphopages)  meganosensis  Durham,  1942b:  184. 

Primary  Type  Material.  UCMP  holotype  3 1 244,  Meganos 
Formation,  UCMP  locality  3152. 

Molluscan  Stage  Range.  “Meganos”  through  “Capay.” 

Geographic  Distribution.  Whitaker  Peak  area,  southern 
California  through  Mount  Diablo,  west-central  California. 

Local  Occurrence.  Tunitella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  362,  816,  827,  845. 

Remarks.  Seven  specimens  representing  a growth  series 
were  found  at  locality  827.  At  the  other  localities,  only  one 
or  two  specimens  were  found.  Preservation  is  fair  to  good. 

This  species  is  characterized  by  two  carinae  on  the  body 
whorl,  1 1 to  12  swollen  spines  on  the  carina  on  the  shoulder, 
and  fine  unnoded  spiral  ribs  covering  the  shell.  On  the  ho- 
lotype there  is  also  a fairly  prominent  unnoded  spiral  rib 
between  the  carinae  as  well  as  another  unnoded  spiral  rib 


52.  Abapertural  view.  53.  Ficopsis  remondii  crescentensis  Weaver  and  Palmer,  1922,  x2.5,  height  17  mm,  width  6.5  mm,  LACMIP  hypotype 
7477,  CSUN  loc.  845.  Figs.  54-62.  Neogastropods.  54-55.  Clavilithes  tabulatus  (Dickerson,  1913).  All  parts  CSUN  loc.  827.  54.  x 1,  height, 
85  mm,  width  38  mm,  LACMIP  hypotype  7478.  55.  Upper  spire,  xl.5,  height  28  mm,  width  17  mm,  LACMIP  hypotype  7479.  56-57. 
Streptochetus  californiana  new  species.  All  parts  x2.5,  height  19  mm,  width  8 mm,  LACMIP  holotype  7480,  CSUN  loc.  845.  57.  Abapertural 
view.  58.  Pseudoliva  dilleri  Dickerson,  1914,  x 1.2,  height  32  mm,  width  19  mm,  LACMIP  hypotype  7481,  CSUN  loc.  359.  59.  Strepsidura 
ficus  (Gabb.  1864),  x 1.8,  height  23  mm,  width  16  mm,  LACMIP  hypotype  7482,  CSUN  loc.  360.  60.  Ancilla  gabbi  Cossmann,  1899,  x 3.5, 
height  1 1.5  mm,  width  4.5  mm,  LACMIP  hypotype  7483,  CSUN  loc.  237.  61.  Olivella  mathewsonii  Gabb,  1864,  x3.4,  height  1 1.5,  width 
4.5  mm,  LACMIP  hypotype  7484,  CSUN  loc.  237.  62.  Proximitral  cretacea  Gabb,  1864,  x4,  height  10  mm,  width  4.5  mm,  LACMIP  7485, 
CSUN  loc.  237. 
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just  anterior  to  the  anteriormost  carina.  A similar  sculpture 
pattern  is  also  present  on  the  Whitaker  Peak  specimens. 

Previously,  this  species  has  not  been  reported  as  ranging 
into  the  “Capay  Stage”  or  as  occurring  as  far  south  as  the 
Whitaker  Peak  area. 

Genus  Phaliiim  Link,  1807 

Type  Species.  By  subsequent  designation  (Dali,  1909), 
Biiccininn  glaucion  Linne,  1758. 

Subgenus  Semicassis  Morch,  1852 

Type  Species.  By  subsequent  designation  (Harris,  1897), 
Cassis  japonica. 

Phalium  {Semicassis)  tuberculiformis 
(Hanna,  1924) 

Figure  50 

Mono  (Sconsia)  tuberculatus  Gabb,  1864:104,  pi.  19,  fig.  57. 

Arnold,  1907;pl.  39,  fig.  9. 

Not  Cassidaria  tuberculata  Risso,  1826:186. 

Mono  tuberculatus  Gahh.  Dickerson,  1913:264. 

Galeodea  tuberculata  (Gabb).  Dickerson,  1916:pl.  42,  fig.  2. 
Galeodea  (Morio)  tuberculata  (Gabb).  Waring,  1917:pl.  15, 
fig.  17. 

Galeodea  tuberculifonnis  Hanna,  1924:167  [new  name  for 
Morio  (Sconsia)  tuberculatus  Gabb,  1864,  preoccupied]. 
Schenck,  1926:83-84,  pi.  14,  figs.  12-16.  Stewart,  1927: 
380-381,  pi.  28,  fig.  1 1.  Yokes,  1939:149-150,  pi.  19,  figs. 
19,  21,  23-27. 

Coalingodea  tuberculiformis  (Hanna).  Durham,  1942b:  186, 
pi.  29,  figs.  5,  9.  Givens,  1974:78-79,  pi.  8,  fig.  7.  Squires, 
1977:table  1. 

Cassis  (Coalingodea)  tuberculata  (Gabb).  Abbott,  1968:59- 
60,  pi.  34. 

Phalium  (Semicassis)  tuberculiformis  (Hanna).  Givens  and 
Kennedy,  1979:82,  95,  tables  1,  3.  Squires,  1984:27,  fig. 
71. 

Primary  Type  Material.  ANSP  lectotype  4343  of  Morio 
(Sconsia)  tuberculatus  Gabb  and  Galeodea  tuberculiformis 
Hanna,  designated  by  Stewart  (1927:381),  Tejon?  Forma- 
tion, Martinez,  California. 

Molluscan  Stage  Range.  “Capay”?,  “Domengine”  through 
“Transition.” 

Geographic  Distribution.  San  Diego,  southern  California, 
through  central  California. 

Local  Occurrence.  Turritella  iivasana  applinae  fauna,  Jun- 
cal  Formation:  CSUN  locality  828.  Turritella  uvasana  ap- 
plinae fauna,  Matilija  Sandstone?:  CSUN  locality  219. 

Remarks.  Two  early  adult  specimens  (height  29  mm)  were 
found  at  locality  828.  One  has  a thickened  outer  lip  and  a 
varix,  and  both  have  the  beaded  sculpture  covering  the  shell 
surface.  Such  features  are  characteristic  of  P.  (S.)  tuberculi- 
formis. Two  specimens  were  also  found  at  locality  291,  but 
both  are  internal  molds. 

Abbott  (1968)  provisionally  regarded  Galeodea  tubercu- 


lata var.  crescentensis  Weaver  and  Palmer  (1922:37-38,  pi. 
1 1,  figs.  18,  20),  from  northwestern  Washington,  as  a syn- 
onym of  Phalium  (Semicassis)  tuberculiformis.  Weaver  ( 1 943: 
403),  however,  assigned  this  variety  to  Galeodea  crescenten- 
sis Weaver  and  Palmer. 

Family  Ranellidae  Gray,  1854 
Subfamily  Cymatiinae  Iredale,  1913 
Genus  S’df 5'5/d'  Bellardi,  1872 

Type  Species.  By  original  designation,  Triton  apenninica 
Sassi. 

Sassia  hilineata  (Dickerson,  1916) 

Figures  51,52 

Fasciolaria  bilineata  Dickerson,  1916:493,  pi.  37,  figs.  6a- 

b.  Hanna,  1927:319. 

Sassia  bilineata  (Dickerson).  Turner,  1938:91,  pi.  18,  fig.  20. 

Weaver,  1943:416,  pi.  82,  figs.  8,  1 1-12,  15.  Givens,  1974: 

79-80,  pi.  11,  figs.  8,  10.  Givens  and  Kennedy,  1979:tables 

1,  3. 

Cymatium  (Septa)  janetae  Squires,  1983a:355-357,  fig.  2d. 

[Misidentification,  in  part.] 

Primary  Type  Material.  UCMP  holotype  1 1834,  UCMP 
paratype  1 1835,  Ardath  Shale,  UCMP  locality  2226. 

Molluscan  Stage  Range.  “Capay”  through  “Transition.” 

Geographic  Distribution.  San  Diego,  southern  California, 
through  southwestern  Oregon. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  802?,  845. 

Remarks.  Two  upper  spire  specimens  were  found  and  pres- 
ervation is  poor.  This  species  is  characterized  by  angulate 
whorls  with  cancellate  sculpture  and  usually  about  one  varix 
per  whorl.  A ramp  area  is  present  on  the  penultimate  and 
body  whorls. 

UCLA  paratype  59193,  designated  as  an  immature  spec- 
imen of  Cymatium  (Septa)  janetae  from  the  Llajas  Forma- 
tion, Simi  Valley,  California,  is  instead  Sassia  bilineata.  Giv- 
ens (1986,  pers.  commun.)  has  collected  well-preserved 
specimens  of  S.  bilineata  from  the  Ardath  Shale,  San  Diego, 
California,  that  show  the  same  ornamentation  as  UCLA 
paratype  59193.  After  examining  my  own  recently  collected 
specimens  of  5.  bilineata  from  the  Ardath  Shale,  at  UCR 
locality  4847,  I agree  with  Givens’  observation. 

Sassia  formerly  was  assigned  to  family  Cymatiidae,  but 
Beu  ( 1 986)  has  shown  that  the  Cymatiidae  should  be  referred 
to  as  family  Ranellidae  because  of  priority  in  naming. 

Family  Ficidae  Conrad,  1867 
Genus  Ficopsis  Conrad,  1866 

Type  Species.  By  subsequent  designation  (Stewart,  1927), 
Hemifusus  remondii  Gabb,  1864. 
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Ficopsis  remondii  crescentensis 
Weaver  and  Palmer,  1922 
Figure  53 

Ficopsis  angulatus  Weaver,  1905:1 19,  pi.  13,  fig.  5. 

Not  Pynila  angidata  Edwards,  1866:pl.  4. 

Ficopsis  remondii  (Gabb)  var.  crescentensis  Weaver  and 
Palmer,  1922:39-40,  pi.  11,  fig.  14  [new  name  iov  Ficopsis 
angulatus  Weaver,  1905,  preoccupied].  Stewart,  1930:40- 
41.  Turner,  1938:93,  pi.  15,  fig.  19.  Weaver,  1943:399,  pi. 
77,  fig.  10. 

Ficopsis  remondii  crescentensis  Weaver  and  Palmer.  Yokes, 
1939:152-153.  Givens,  1974:82,  pi.  9,  fig.  11.  Squires, 
1977:table  1.  Givens  and  Kennedy,  1979:87,  tables  1,  3. 
Ficopsis  crescentensis  Weaver  and  Palmer.  Stewart,  1946:pl. 
11,  fig.  17. 

Ficopsis  remondi  crescentensis  Weaver  and  Palmer.  Moore, 
1968:26,  pi.  1 Ic. 

Primary  Type  Material.  UCMP  holotype  1 1887  oi Ficop- 
sis angulatus  Weaver,  Eocene  strata,  UCMP  locality  337. 
UW  holotype  205  (CAS  7616)  of  Ficopsis  remondii  crescen- 
tensis Weaver  and  Palmer,  Crescent  Eormation?,  UW  lo- 
cality 358. 

Molluscan  Stage  Range.  “Capay”  through  “Transition.” 
Geographic  Distribution.  San  Diego,  California  through 
northwestern  Washington. 

Local  Occurrence.  Turritella  iivasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  359,  361,  362,  827,  845. 
Turritella  uvasana  applinae  fauna,  Juncal  Formation:  CSUN 
locality  363.  Turritella  uvasana  appinae  fauna,  Matilija 
Sandstone?:  CSUN  localities  219,  232,  237. 

Remarks.  At  locality  237,  six  specimens  were  found,  and 
they  represent  a partial  growth  series,  ranging  in  height  from 
9 to  28  mm.  Only  a few  specimens  (less  than  four)  were 
found  at  each  of  the  other  localities.  Preservation  is  mostly 
good.  All  show  the  characteristic  cancellate  sculpture  and  the 
presence  of  three  prominent  carinae  on  the  body  whorl. 

Order  Neogastropoda 
Superfamily  Buccinacea 
Family  Fasciolariidae  Gray,  1853 
Genus  Clavilithes  Swainson,  1840 

Type  Species.  By  subsequent  designation  (Grabau,  1904), 
Fusus parisiensis  Mayer-Eymar,  1877  [=Fusus  longaevus  La- 
marck, 1803,  not  Solander,  1766]. 

Clavilithes  tabiilatiis  (Dickerson,  1913) 

Eigures  54,  55 

Clavella  tahulata  Dickerson,  1913:283,  pi.  12,  fig.  7. 
Clavilithes  tabulatus  (Dickerson).  Clark  and  Yokes,  1936: 
874,  pi.  1,  fig.  3.  Givens,  1974:85,  pi.  10,  figs.  4-5.  Squires, 
1984:31,  fig.  8g. 

Clavilithes  new  species  Clark  and  Yokes,  1936:874,  pi.  1,  fig. 
1.  Givens  and  Kennedy,  1976:973,  pi.  4,  figs.  9,  12. 


Clavilithes  cf  C.  tabulatus  (Dickerson).  Crowell  and  Susuki, 

1959:588-589,  pi.  2,  figs.  6-7. 

Clavilithes  new  species  Clark  and  Yokes.  Squires,  1984:31, 

fig.  8h. 

Primary  Type  Material.  UCMP  holotype  1 1753,  Capay 
Eormation,  UCMP  locality  1853. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 

Geographic  Distribution.  Orocopia  Mountains,  southern 
California  through  central  California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Eormation:  CSUN  localities  358,  359,  361,  364,  802,  807, 
826,  827,  830,  831,  832,  833,  834,  837. 

Remarks.  Clavilithes  tabulatus  is  a fairly  common  and 
locally  abundant  species  in  the  Turritella  uvasana  infera  fau- 
na between  Sharps  Canyon  and  Canton  Canyon.  At  most 
localities  there  are  only  a few  specimens  (one  to  four),  but 
at  localities  364  and  827,  10  and  28  specimens  were  found, 
respectively.  Preservation  is  good  at  all  localities,  especially 
at  locality  827.  In  almost  every  specimen,  however,  the  long 
anterior  canal  has  been  broken  off. 

At  locality  827  there  is  a nearly  complete  growth  series 
with  specimens  ranging  in  height  from  28  to  83  mm.  Five 
of  the  specimens,  and  Figure  5 5 is  one  of  them,  have  collabral 
costae  (seven  per  whorl)  in  the  uppermost  five  or  six  whorls 
of  the  spire.  The  remaining  larger  whorls  (as  many  as  five) 
have  no  collabral  sculpture.  Similarly,  at  localities  359,  364, 
and  837,  there  are  some  specimens  that  have  collabral  costae 
only  on  the  upper  spire  whorls.  At  all  the  localities  in  which 
C.  tabulatus  was  collected,  those  specimens  that  have  the 
collabral  costae  are  those  in  which  the  uppermost  spires  are 
present  and  well  preserved. 

Most  of  the  specimens  of  C tabulatus  in  the  Whitaker 
Peak  section  also  have  fine  to  moderately  strong  spiral  ribs 
(usually  five)  anterior  to  the  tabulate  shoulder  on  the  spire 
whorls.  These  ribs  are  not  present  on  the  body  whorl,  and, 
in  some  cases,  are  not  on  the  penultimate  whorl.  On  most 
of  the  specimens,  there  is  a swollen  carina  along  the  tabulate 
shoulder  of  all  the  whorls.  The  strength  of  the  carina  varies 
somewhat  from  specimen  to  specimen  and  is  most  likely  a 
function  of  amount  of  abrasion  and  degree  of  preservation. 

Clavilithes  tabulatus  is  identical  to  Clavilithes  new  species 
Clark  and  Yokes  ( 1 936)  from  the  upper  portion  (“Domengine 
Stage”)  of  the  Llajas  Formation,  Simi  Yalley,  California  (Clark 
and  Yokes,  1936;  Squires,  1984).  Givens  and  Kennedy  (1976) 
also  found  it  in  strata  of  probable  “Domengine”  age  from 
northern  San  Diego  County,  California. 

Subfamily  Fusininae  Swainson,  1 840 
Genus  Streptochetiis  Cossmann,  1889 

Type  Species.  By  original  designation,  Fusus  intortus  La- 
marck. 

Streptochetus  californiana  new  species 

Figures  56,  57 

Diagnosis.  Generic  assignment  based  on  the  small,  fusi- 
form shell,  moderately  long  anterior  canal  with  siphonal  fas- 
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ciole  showing  an  umbilical  slit,  and  ornament  of  noded  col- 
labral  costae  crossed  by  spiral  ribs.  Specific  assignment  based 
on  the  1 2 to  13  collabral  costae  and  numerous  primary  spiral 
ribs  alternating  with  secondary  ribs. 

Streptochetus  californiana  new  species  is  very  similar  to 
Streptochetus  obliquatus  (Deshayes,  1824:542,  pi.  74,  figs. 
13,  14;  Cossmann  and  Pissarro,  1910-1913:pl.  40,  fig.  197- 
7)  from  lower  Eocene  strata  (Cuisian  Substage)  of  the  Paris 
Basin,  France.  Streptochetus  californiana  differs  from  S.  ob- 
hquatus  in  the  following  features:  12  to  13  collabral  costae 
rather  than  seven  or  eight,  primary  spiral  ribs  not  as  strongly 
developed  on  the  upper  spire,  and  collabral  costae  more 
strongly  developed  on  the  spire. 

Description.  Shell  small,  elongate-fusiform,  with  five  and 
one-half  whorls.  Suture  area  coincident  with  one  to  two 
prominent  spiral  ribs  that  form  a band.  Protoconch  missing. 
Teleoconch  whorls  angulate  anterior  to  this  sutural  band  and 
with  12  to  13  collabral  costae  that  are  as  strongly  developed 
in  this  sutural  band  region  as  elsewhere.  The  collabral  costae 
also  tend  to  become  obsolete  on  the  body  whorl.  Costae  are 
noded  where  crossed  by  finer  primary  spiral  ribs  that  number 
about  six  on  the  spire  whorls  and  about  ten  on  the  body 
whorl.  The  posteriormost  two  primary  spiral  ribs  on  the  body 
whorl  occupy  the  sutural  area  and  form  a distinct  area  in 
which  the  collabral  costae  are  not  strongly  developed.  On  the 
anterior  portion  of  the  penultimate  whorl  there  can  be  a 
secondary  spiral  rib  between  the  primaries  that  approaches 
the  primaries  in  strength.  On  the  posterior  of  the  body  whorl, 
there  can  be  one  to  three  secondary  spiral  ribs  or  three  tertiary 
spiral  riblets  between  the  primaries.  Teleoconch  covered  by 
very  fine  growth  lines.  Oblique  neck  area  moderately  long 
with  about  eight  primary  spiral  ribs  that  can  have  a secondary 
rib  in  the  interspaces. 

Aperture  oval.  Outer  lip  missing.  Siphonal  fasciole  well 
developed  and  showing  an  umbilical  slit.  Holotype  height 
(nearly  complete)  19  mm,  width  (complete)  8 mm. 

Primary  Type  Material.  LACMIP  holotype  7480,  Juncal 
Formation,  CSUN  locality  845. 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Whitaker  Peak  area,  southern 
California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  360,  845. 

Remarks.  Three  specimens  were  found  and  preservation 
is  fair  to  moderately  good.  The  holotype  is  slightly  crushed 
in  the  posterior  portion  of  the  outer  lip  area.  The  specimen 
from  locality  360  is  only  9 mm  in  height  (incomplete). 

The  geologic  range  of  Streptochetus  is  from  early  Eocene 
into  the  Pliocene  (Wenz,  1943;  Palmer,  1974;  Davies,  1975). 
The  earliest  known  species  is  from  the  Upper  Ranikot  strata, 
Pakistan  (Davies,  1 975).  Hasson  (1985)  has  shown  these  strata 
to  be  assignable  to  the  early  Eocene.  A few  species  have  been 
found  in  lower  Eocene  strata  (Cuisian  Substage)  of  the  Paris 
Basin,  France,  and  nine  species  have  been  found  in  middle 
Eocene  strata  (Lutetian  Stage)  there  (Chedeville,  1904b; 
Cossmann  and  Pissarro,  1910-1913).  Only  two  definite  species 
have  been  found  in  middle  Eocene  strata  of  Alabama  (Palmer 


and  Brann,  1966).  Streptochetus  californiana  new  species  is 
the  first  record  of  this  genus  on  the  West  Coast. 

Etymology.  The  species  is  named  for  the  state  of  California. 

Superfamily  Volutacea 
Family  Olividae  Latreille,  1825 
Genus  Pseiidoliva  Swainson,  1840 

Type  Species.  By  original  designation,  Buccinum  plumbea 
Chemnitz,  1780?  [=Buccinum  crassa  Gmelin,  1788?]. 

Pseiidoliva  dilleri  Dickerson,  1914 

Figure  58 

Pseiidoliva  dilleri  Y)\c\Ler's,on,  1914c:122-123,  pi.  12,  figs,  la- 

d.  Turner,  1938:77-78,  pi.  18,  figs.  7-8.  Weaver,  1943: 

458-459,  pi.  89,  figs.  5-6,  10-12. 

Primary  Type  Material.  CAS  holotype  248,  upper  Umpqua 
Formation,  UCMP  locality  A-667. 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Whitaker  Peak  area,  southern 
California  through  southwestern  Oregon. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  359. 

Remarks.  Only  a single  specimen  was  found.  Typical  spec- 
imens of  this  species  have  numerous  fine  spiral  ribs  on  the 
whorls,  a biangulated  body  whorl,  and  obvious  nodes  on  the 
penultimate  whorl  and  anteriormost  body-whorl  angulation. 
The  posteriormost  body-whorl  angulation  is  only  slightly 
noded  and  is  a tabulation  just  anterior  to  the  suture.  The 
Whitaker  Peak  specimen  has  all  these  features,  but  the  nodes 
on  the  body  whorl  are  weak.  In  this  particular  feature,  the 
specimen  more  closely  resembles  Yokes’  (1939:pl.  18,  fig. 
23)  illustration  of  the  “Domengine  Stage”  Pseiidoliva  lineata 
Gabb  from  the  Avenal  Sandstone,  central  California.  Gabb 
( 1 864:99,  pi.  1 8,  fig.  52),  however,  did  not  mention  the  pres- 
ence of  nodes  on  P.  lineata.  Squires’  ( 1 984:fig.  8 1 ) illustration 
of  P.  lineata  from  the  Llajas  Formation,  southern  California, 
does  not  show  any  nodes.  As  pointed  out  by  Givens  (1986, 
pers.  commun.),  it  is  not  clear  whether  P.  dilleri  and  P.  lineata 
are  separate  but  closely  related  taxa  (i.e.,  one  with  nodes  and 
one  without)  or  if  they  are  the  same  species  and  represent 
only  geographic  variation  within  a single  polytypic  species. 

Previously,  P.  dilleri  had  not  been  reported  south  of  south- 
western Oregon. 

Genws  Strepsidiira  Swainson,  1840 

Type  Species.  By  original  designation,  Strepsidura  costata 
Swainson,  1840  [=Fusus  ficulnea  Lamarck,  1822,  =Murex 
tiirgida  Solander,  1766]. 

Strepsidura  ficus  (Gabb,  1864) 

Figure  59 

Whitney  a ficus  Gabb,  1864:104,  pi.  28,  fig.  216.  Dickerson, 

1915:69,  pi.  9,  figs.  5a-d. 
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Strepsidura  ficus  (Gabb).  Stewart,  1927:404-405,  pi.  29,  fig. 

1 1.  Kleinpell  and  Weaver,  1963:193,  pi.  27,  figs.  1-3.  Giv- 
ens, 1974:87,  pi.  10,  fig.  10.  Demere,  Sundberg,  and  Schram, 

1979:pl.  2,  fig.  1.  Squires,  1984:33,  fig.  8m. 

Primary  Type  Material.  ANSP  lectotype  4331,  designated 
by  Stewart  (1927:404),  Tejon  Formation  s.l..  Fort  Tejon, 
southern  California. 

Molluscan  Stage  Range.  “Capay”  through  “Tejon.” 

Geographic  Distribution.  San  Diego  through  Fort  Tejon 
area,  Kem  County,  southern  California. 

Local  Occurrence.  Twritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  360.  Twritella  uvasana  applinae 
fauna,  Matilija  Sandstone?:  CSUN  locality  237? 

Remarks.  Four  specimens  were  found  at  locality  360,  and 
only  a single  specimen  was  found  at  locality  237.  Preservation 
is  fair.  The  pyriform  specimens  show  the  following  features 
that  characterize  this  species.  There  is  a short  spire  with  fine 
spiral  ribs  and  collabral  costae,  the  latter  obsolete  on  the 
inflated  body  whorl.  On  the  rounded  shoulder  area  of  the 
body  whorl,  the  spiral  ribs  are  also  obsolete.  There  is  also  a 
rather  thickly  calloused  inner  lip  with  a fairly  prominent  fold 
at  the  base  of  the  columella.  The  anterior  canal  is  twisted. 

The  presence  of  specimens  of  S.  ficus  in  the  Turritella 
uvasana  infera  fauna  of  the  Whitaker  Peak  area  extends  the 
molluscan  stage  range  of  this  species  into  the  “Capay  Stage” 
proper.  Previously,  the  lower  range  limit  had  been  known  to 
be  uppermost  “Capay”  (Squires,  1984). 

Strepsidura  ficus'?  was  mentioned  by  Palmer  and  Brann 
(1966)  as  possibly  occurring  also  in  middle  Eocene  strata 
(lower  Claiborne  Group)  in  Texas. 

Subfamily  Olivinae  Swainson,  1840 
Genus  Anci/Ia  Lamarck,  1799 

Type  Species.  By  monotypy,  Ancilla  cinnamonea  La- 
marck, 1801. 

Ancilla  gabhi  Cossmann,  1899 

Figure  60 

Ancillaria  elongata  Gabb,  1864:100,  pi.  18,  fig.  54.  Hanna, 

1927:323,  pi.  53,  figs.  9-13.  Stewart,  1927:41  1. 

Not  Ancillaria  elongata  Gray,  1847a:357,  pi.  1,  fig.  5. 
Ancilla  gabhi  Cossmann,  1899:60  [new  name  for  Ancillaria 

elongata  Gabb,  1864,  preoccupied].  Turner,  1938:72,  pi. 

18,  fig.  6.  Weaver,  1943:500,  pi.  95,  fig.  18. 

A?7cilla  (Spira?icilia)  gabbi  Cossmann.  Yokes,  1936:414;  1939: 

131,  pi.  18,  figs.  6,  10.  Squires,  1984:34,  fig.  8n. 

Primary  Type  Material.  UCMP  syntypes  1 252 1 (two  spec- 
imens) of  Ancillaria  elongata  Gabb  and  Ancilla  gabbi  Coss- 
mann, near  San  Diego,  California. 

Molluscan  Stage  Range.  “Domengine.” 

Geographic  Distribution.  San  Diego,  California  through 
northwestern  Oregon. 

Local  Occurrence.  Turritella  uvasana  applinae  fauna,  Jun- 


cal Formation:  CSUN  locality  363.  Turritella  uvasana  ap- 
plinae fauna,  Matilija  Sandstone?:  CSUN  locality  237. 

Remarks.  Single  specimens  were  found  at  each  locality. 
The  specimens  show  the  characteristic  calloused  sutures  and 
the  single,  broad  region  of  the  twisted  columella  with  its 
closely  spaced,  oblique  five  folds. 

Yokes  (1936,  1939)  assigned  this  species  to  his  subgenus 
Spirancilla.  Wenz  (1943)  regarded  Spirancilla  as  a junior 
synonym  of  the  subgenus  Ancillus  Montfort,  1810.  Wagner 
and  Abbott  (1978)  regarded  Ancillus  as  a junior  synonym  of 
the  ^Qnus  Ancilla  Lamarck,  1 799,  and  that  is  the  usage  adopt- 
ed for  this  present  report. 

Genus  Olivella  Swainson,  1831 

Type  Species.  By  subsequent  designation  (Dali,  1909),  Oli- 
vella purpurata  Swainson,  1831  [=Oliva  dama  Mawe,  1823]. 

Olivella  mathewsonii  Gabb,  1 864 

Figure  61 

Olivella  mathewsonii  Gabb,  1864:100,  pi.  18,  fig.  53.  An- 
derson and  Hanna,  1925:80,  pi.  8,  fig.  19.  Stewart,  1927: 
410-411,  pi.  29,  fig.  13.  Weaver,  1943:500-501,  pi.  103, 
fig.  7.  Givens,  1974:87.  Smith,  1975:469,  table  1.  Squires, 
1977:tab!e  1;  1984:34,  fig.  8o. 

Primary  Type  Material.  ANSP  lectotype  4202,  designated 
by  Stewart  (1927:41  1),  Tejon  Formation  s.l.,  Martinez,  Cal- 
ifornia. 

Molluscan  Stage  Range.  Lower  “Martinez”  through  “Te- 
jon.” 

Geographic  Distribution.  Simi  Yalley,  southern  California 
through  northwestern  Washington. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  359,  361,  827,  845.  Turritella 
uvasana  applinae  fauna,  Matilija  Sandstone?:  CSUN  locality 
237. 

Remarks.  Four  specimens  were  found  at  locality  361.  At 
the  other  localities,  only  one  or  two  specimens  were  found. 
Preservation  is  fair  to  poor,  but  the  best  specimens  clearly 
show  near  the  anterior  end  the  two  columellar  folds  char- 
acteristic of  this  species. 

Family  Volutomitridae  Gray,  1854 
Genus  Proximitra  Finlay,  1927 

Type  Species.  By  original  designation,  I'exilluin  rutido- 
lomuin  Suter,  1917. 

Proximitral  cretacea  Gabb,  1864 

Figure  62 

Mitra  cretacea  Gabb,  1864:103,  pi.  28,  fig.  214.  Stewart, 
1927:406,  pi.  27,  figs.  9-10. 

Uroniitra  (?)  cretacea  (Gabb).  Yokes,  1939:134-135,  pi.  18, 
fig.  19. 
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Figures  63-80.  Whitaker  Peak  area  Eocene  neogastropods.  Unless  otherwise  noted,  views  are  apertural.  63.  Pseudoperissolax  blakei  praeblakei 
Yokes,  1939,  internal  mold,  abapertural  view,  x 1.4,  height  27  mm,  width  25  mm,  LACMIP  hypotype  7486,  CSUN  loc.  808.  64.  Cryptochorda 
(Cryptochorda)  californica  (Cooper,  1894),  x 1.4,  height  28.5  mm,  width  17  mm,  LACMIP  hypotype  7487,  CSUN  loc.  361.  65-68.  Athleta 
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Dentimitra  cretacea  (Gabb).  Cemohorsky,  1970:41;  1976: 

280,  510. 

Proximitra'?  cretacea  (Gahh).  Givens,  1974:87.  Squires,  1977: 

table  1;  1984:34,  fig.  8p. 

Primary  Type  Material.  ANSP  holotype  4302,  Tejon  For- 
mation S.I.,  Martinez,  California. 

Molluscan  Stage  Range.  “Domengine.” 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  central  California. 

Local  Occurrence.  Tuiritella  uvasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  locality  237. 

Remarks.  Five  specimens  were  found,  and  they  represent 
a partial  growth  series,  ranging  in  height  from  3 to  10  mm. 
Preservation  of  this  small  species  is  good. 

Givens  (1974)  considered  this  species  to  be  more  closely 
related  to  Proximitra  than  to  any  other  genus  because  of  the 
presence  of  the  prominent  nodose  carina  on  the  shoulder  of 
the  whorls  and  the  slightly  stronger  and  longer  second  pos- 
terior fold  on  the  columella.  After  examination  of  the  spec- 
imens from  locality  237,  as  well  as  46  well-preserved  spec- 
imens from  the  Llajas  Formation,  Simi  Valley,  California 
(Squires,  1984:34),  Givens’  (1974)  tentative  assignment  of 
this  species  to  Proximitra?  seems  justified.  On  most  speci- 
mens from  the  Whitaker  Peak  area  and  the  Llajas  Formation, 
the  second  posterior  fold  is,  indeed,  slightly  stronger  and 
slightly  longer  than  the  first  posterior  fold.  On  some  speci- 
mens from  both  locality  237  and  the  Llajas  Formation,  how- 
ever, the  first  and  second  posterior  folds  are  approximately 
the  same  strength  although  the  second  fold  is  the  longer  of 
the  two. 

According  to  Wenz  (1943),  the  oldest  Proximitra  is  Oli- 
gocene  in  age.  If  the  California  “Domengine  Stage”  speci- 
mens of  Proximitra?  cretacea  do  belong  to  this  genus,  they 
would  be  the  oldest  forms  of  Proximitra. 

Family  Tudiclidae  Finlay  and  Marwick,  1937 
Genus  Pseiidoperissoiax  Clark,  1918 

Type  Species.  By  original  designation,  Busycon?  blakei 
Conrad,  1855. 

Pseiidoperissoiax  blakei  praehlakei  Yokes,  1939 

Figure  63 

Not  Busycon?  blakei  Conrad,  1855:1  1;  1857:332,  pi.  2,  fig. 

13. 


Perissolax  blakei  (Conrad).  Gabb,  1864:92  (in  part),  pi.  21, 
fig.  1 10. 

Pseiidoperissoiax  blakei  (Conrad)  (subsp.?).  Stewart,  1927: 
429-430,  pi.  28,  fig.  1. 

Pseiidoperissoiax  blakei  praeblakei  Vokes,  1939: 145-146,  pi. 
19,  figs.  14,  22.  Moore,  1968:28,  pi.  12b.  Givens,  1974: 
88,  pi.  10,  figs.  15-16.  Smith,  1975:pl.  2,  fig.  16.  Squires, 
1984:34-35,  fig.  9a. 

Primary  Type  Material.  UCMP  holotype  15799,  UCMP 
paratype  15800,  Arroyo  Hondo  Formation,  UCMP  locality 
1817. 

Molluscan  Stage  Range.  Lower  “Martinez”  through  “Do- 
mengine.” 

Geographic  Distribution.  San  Diego,  southern  California 
through  central  California. 

Local  Occurrence.  Turritella  uvasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  locality  808. 

Remarks.  Only  a single  specimen  was  found,  and  it  is 
mostly  an  internal  mold. 


Family  Volutidae  Rafinesque,  1815 
Subfamily  Volutinae  Rafinesque,  1815 
Genus  Cryptochorda  Morch,  1858 

Type  Species.  By  monotypy,  Buccinum  stromboides 
Herrmannsen. 

Subgenus  Cryptochorda  s.s. 

Cryptochorda  {Cryptochorda)  californica 
(Cooper,  1894) 

Figure  64 

Ancilla  (Oliverato)  californica  Cooper,  1894:43,  pi.  1,  figs. 

6-1 1.  Dickerson,  1913:264;  19 14c:  115,  pi.  12,  figs.  4a-b. 
Oliverato  californica  Cooper.  Dickerson,  1913:286-287,  pi. 
13,  figs.  4a-b. 

Caricella  stormsiana  Dickerson,  1913:287,  pi.  13,  figs.  3a-b. 
Cryptochorda  californica  (Cooper).  Clark,  1929:pl.  4,  figs.  6, 
16;  pi.  9,  figs.  5-6.  Clark  and  Vokes,  1936:874,  pi.  1,  fig. 
5.  Turner,  1938:72,  pi.  18,  figs.  1 1,  15.  Vokes,  1939:139- 
140.  Weaver,  1943:499,  pi.  95,  figs.  19,  23.  Squires,  1984: 
35,  fig.  9c. 


roddai  new  species.  All  parts  CSUN  loc.  845.  65.  x2.2,  height  27  mm,  width  14  mm,  LACMIP  holotype  7488.  66.  Side  view,  x2,  height  23 
mm,  width  13  mm,  LACMIP  paratype  7489,  67.  Side  view  of  LACMIP  paratype  7489.  68.  Abapertural  view  of  LACMIP  paratype  7489.  69. 
Lyria  andersoni  Waring,  1917,  x4,  height  9.5,  width  5 mm,  LACMIP  hypotype  7490,  CSUN  loc.  362.  70-71.  Lyrischapa  lajollaensis  (Hanna, 
1927).  All  parts  x 1.3,  height  27  mm,  width  21  mm,  LACMIP  hypotype  7491,  CSUN  loc.  827.  70.  Abapertural  view.  71.  Apical  view.  72. 
Fusitwricida  (Crenaturricida)  crenatospira  (Cooper,  1894),  x2.3,  height  17.5  mm,  height  10  mm,  LACMIP  hypotype  7492,  CSUN  loc.  237. 
73.  Surculites  inathewsonii  (Gabb,  1864),  internal  mold,  abapertural  view,  xL5,  height  28  mm,  width  17  mm,  LACMIP  hypotype  7493, 
CSUN  loc.  358.  74.  Apiotoma  californiana  new  species,  x 1.5,  height  35  mm,  width  16  mm,  LACMIP  holotype  7494,  CSUN  loc.  360.  75. 
Pleurofusia  fresnoensis  (Arnold,  1910),  x2.8,  height  14.5  mm,  width  7 mm,  LACMIP  hypotype  7495,  CSUN  loc.  362.  76-77.  Eopleurotoina 
whitakerpeakensis  new  species.  All  parts  x2.5,  height  17  mm.  width  8 mm,  LACMIP  holotype  7496,  CSUN  loc.  827.  77.  Abapertural  view. 
78.  Cryptoconus  cooperi  (Dickerson,  1916),  x2. 1,  height  18  mm,  width  7 mm,  LACMIP  hypotype  7497,  CSUN  loc.  827.  79.  Conus  caleocius 
Vokes,  1939,  x7,  height  5 mm,  width  3 mm,  LACMIP  hypotype  7498,  CSUN  loc.  828.  80.  Conus  remondii  Gabb,  1864,  abapertural  view, 
x5,  height  7 mm,  width  4 mm,  LACMIP  7499,  CSUN  loc.  219. 
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Primary  Type  Material.  CAS  syntypes  8a-d  (four  speci- 
mens), Capay  Formation,  Sutter  Buttes  [=Marysville  Buttes], 
Sutter  County,  northern  California. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  southwestern  Oregon. 

Local  Occurrence.  Turrit ella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  360,  361,  850. 

Remarks.  Two  specimens  were  found  at  locality  850,  and 
elsewhere  only  single,  poorly  preserved  specimens  were  found. 
The  specimens  are  missing  the  thickened  outer  lips.  The 
columellar  callus  is  heavy  in  the  parietal  area  but  thin  over 
the  adjacent  ventral  surface. 

Subfamily  Athletinae  Pilsbry  and  Olsson,  1954 
Genus  Conrad,  1853 

Type  Species.  By  subsequent  designation  (Dali,  1890),  Va- 
luta rarispina  Lamarck,  1811. 

Athleta  roddai  new  species 

Figures  65-68 

Diagnosis.  Generic  assignment  based  on  the  strombiform 
shape  (unusual  but  present  in  this  subfamily),  posterior  notch, 
row  of  nodes  along  whorl  shoulder,  thickened  columella,  and 
hve  columellar  folds.  Specific  assignment  based  on  the  ex- 
tensive, thick,  parietal  callus  along  body  whorl  ventral  sur- 
face, a strongly  tabulate  shoulder  on  the  penultimate  whorl, 
and  small,  mostly  equal-sized  columellar  folds. 

Athleta  roddai  new  species  is  most  similar  to  Athleta  tuo- 
nzm  Conrad  (1853:449;  1860:298,  pi.  47,  fig.  35;Cossmann, 
1 899:pl.  5,  fig.  5;  Palmer,  1 937:373-374,  pi.  58,  fig.  1 1 ; Gard- 
ner, 1945:228,  pi.  12,  figs.  10-12;  Fisher,  Rodda,  and  Die- 
trich, 1964:47-53,  pi.  8,  figs.  5,  6;  Dockery,  1980:1 15-1  16, 
pi.  2,  figs.  7a,  b)  from  upper  Paleocene  through  lower  Eocene 
strata,  Atlantic  and  Gulf  coastal  plains.  Maldonado-Koerdell 
( 1950)  also  tentatively  reported  A.  tuomeyi  from  Eocene  strata 
in  Chiapas,  Mexico.  Athleta  roddai  dilfers  from  A.  tuomeyi 
in  the  following  features:  presence  of  a strongly  tabulate 
shoulder  on  the  penultimate  whorl,  no  subsutural  ridge  on 
spire  whorls,  nodes  on  the  body  whorl  shoulder  rather  than 
pointed  spines,  less  persistent  collabral  swellings  anterior  to 
nodes  on  shoulder  of  body  whorl,  fewer  and  less  pronounced 
spiral  ribs  on  base  of  body  whorl,  and  a more  prominent 
posterior  notch.  The  columellar  folds  are  also  closer  together, 
more  equal-sized,  and  smaller  than  those  of  A.  tuomeyi.  In 
addition,  the  parietal  callus  is  not  as  extreme  and  does  not 
spread  from  the  parietal  region  to  cover  most  of  the  spire  as 
happens  in  many  specimens  of  ,4.  tuomeyi.  It  is  important 
to  mention,  however,  the  degree  of  callosity  in  A.  tuomeyi  is 
variable  (Fisher,  Rodda,  and  Dietrich,  1964). 

Description.  Shell  small,  thick,  strombiform  (but  lacking 
strombid  notch),  with  four  angulate  whorls.  Spire  about  one- 
fourth  to  one-third  the  height  of  the  shell.  Protoconch  miss- 
ing. Spire  whorls  with  ten  collabral  costae  that  extend  from 
suture  to  suture.  On  penultimate  whorl,  collabral  costae  de- 
velop nodes  on  the  strongly  tabulate  whorl  shoulder.  Sutural 


ramp  on  penultimate  whorl  with  five  closely  spaced  spiral 
riblets,  also  present  on  sutural  ramp  of  early  portion  of  body 
whorl.  Sides  of  penultimate  whorl  obscured  somewhat  by 
parietal  callus  deposited  during  formation  of  the  penultimate 
whorl.  Body  whorl  with  five  to  six  nodes  on  shoulder;  earlier 
whorls  concealed  by  a thick  parietal  callus  that  extends  to 
base  of  body  whorl,  thinning  anteriorly.  Collabral  swellings 
associated  with  the  body  whorl  nodes  continue  a short  dis- 
tance anteriorly.  Neck  area  with  about  five  spiral  riblets, 
accentuated  anteriorly. 

Aperture  narrow  with  a posterior  notch.  Middle  portion 
of  columella  slightly  indented.  Immediately  anterior  to  this 
indentation  are  four  to  five,  closely  spaced  small  folds.  The 
anteriormost  fold  is  the  most  prominent.  Outer  lip  thickened. 
Anterior  canal  region  missing.  Holotype  height  (nearly  com- 
plete) 27  mm,  width  (complete)  14  mm. 

Primary  Type  Material.  LACMIP  holotype  7488,  LAC- 
MIP  paratype  7489,  Juncal  Formation,  CSUN  locality  845. 

Molluscan  Stage  Range.  “Capay  Stage.” 

Geographic  Distribution.  Whitaker  Peak  area,  southern 
California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  845. 

Remarks.  Four  nearly  complete  and  three  fragmental  spec- 
imens were  found.  The  nearly  complete  specimens  range  in 
height  from  19  to  27  mm. 

.Athleta  normally  does  not  have  extensive,  thick  parietal 
callus  deposits.  Only  certain  species  do,  and  Darragh  (1971) 
cited  seven  examples,  ranging  in  age  from  early  Eocene 
through  early  Miocene.  Two  of  the  best  examples  are  the  late 
Paleocene  through  early  Eocene  A.  tuomeyi.  which  A.  roddai 
new  species  most  closely  resembles,  and  the  early  Miocene 
A.  rarispina  (Lamarck),  the  type  species  of  Athleta. 

Athleta  is  a common  genus  of  the  Eocene  in  the  Atlantic 
and  Gulf  coastal  plains  (Fisher,  Rodda,  and  Dietrich,  1964; 
Rodda  and  Fisher,  1964),  as  well  as  in  the  anglo-Paris  Basin 
(Cossmann  and  Pissarro,  1910-1913;  British  Museum  of 
Natural  History,  1975).  According  to  Davies  (1975),  the  ge- 
nus originated  in  Pakistan  where  it  has  been  found  in  the 
Upper  Ranikot  beds,  assigned  an  early  Eocene  age  by  Hasson 
(1985).  Fisher,  Rodda,  and  Dietrich  (1964),  however,  re- 
ported Athleta  tuomeyi  from  the  upper  Paleocene  and  lower 
Eocene  Wilcox  Group  of  Louisiana,  and  Givens  ( 1 986,  pers. 
commun.)  has  collected  A.  tuomeyi  from  the  upper  Paleocene 
(Thanetian)  Bells  Landing  Marl  Member  of  the  Tuscahoma 
Sand,  Alabama.  Darragh  (1971),  furthermore,  reported  the 
presence  of  Athleta  in  upper  Paleocene  strata  of  Victoria, 
Australia.  Until  recently,  species  have  been  reported  (Fisher, 
Rodda,  and  Dietrich,  1964)  from  strata  as  young  as  the  Bur- 
digalian  (early  Miocene)  of  the  Aquitaine  Basin,  France.  Dar- 
ragh (1971),  however,  reported  the  occurrence  of  a single 
living  species  of  Athleta  (Ternivoluta)  in  southeastern  Aus- 
tralia. 

In  addition  to  Athleta  roddai  new  species,  there  is  only  one 
other  West  Coast  species  assignable  to  Athleta;  namely.  Va- 
luta lawsoni  Dickerson  (1913:284,  pi.  12,  figs.  5a-c)  from 
lower  Eocene  strata,  Sutter  Buttes  [=Marysville  Buttes], 
northern  California.  Stewart  (1927:408)  assigned  Dickerson’s 
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species  to  Volutocorbis  (Volutospina).  An  examination  of  the 
holotype  of  Dickerson’s  species  confirmed  Stewart’s  assign- 
ment of  this  species  to  Volutospina  based  on  the  following 
morphological  features;  presence  of  a ribbed  stage  followed 
by  a cancellate  stage  on  the  protoconch,  tabulate  nature  of 
the  shoulder,  spinose  nature  of  the  nodes  on  the  shoulder, 
and  strong  collabral  costae  on  the  posterior  half  of  the  body 
whorl.  Dickerson’s  species,  however,  does  not  have  the  sub- 
sutural  spiny  ridge  that  is  usually  a common  characteristic 
of  Volutospina  according  to  Fisher,  Rodda,  and  Dietrich 
(1964).  Dickerson’s  species  also  does  not  have  the  cancellate 
sculpture  that  is  usually  a distinguishing  feature  of  Voluto- 
corbis. Darragh  (1971),  however,  reported  that  there  is  a 
gradation  in  morphology  among  Volutocorbis,  Volutospina, 
and  Athleta.  He  considered  Volutocorbis  and  Volutospina  as 
synonyms  of  Athleta.  Athleta  roddai  new  species  and  A.  law- 
soni  (Dickerson),  therefore,  are  the  only  known  species  of 
this  genus  on  the  West  Coast.  Anderson  (1928)  described 
Athleta  ( Volutospina)  caracoli  from  Eocene  strata  of  Colom- 
bia, South  America,  but  Clark  and  Durham  (1946)  assigned 
the  species  to  Morum  (Herculea). 

Etymology.  The  species  is  named  for  Peter  U.  Rodda  in 
recognition  for  his  research  on  Athleta. 

Subfamily  Lyriinae  Pilsbry  and  Olsson,  1954 
Genus  Lvr/fl  Gray,  1847b 

Type  Species.  By  original  designation.  Valuta  nucleus  La- 
marck, 1811. 

Lyria  under soni  Waring,  1917 

Figure  69 

Cancellaria  irelaniana  Cooper.  Arnold,  1910:52,  pi.  4,  fig. 

22.  [Misidentification.] 

Lyria  andersoni  Waring,  1917:97,  pi.  15,  fig.  12.  Clark,  1929: 

pi.  9,  figs.  7-8.  Clark  and  Yokes,  1936:876,  pi.  1,  fig.  17. 

Turner,  1938:73,  pi.  18,  fig.  5.  Yokes,  1939:136,  pi.  18, 

figs.  22,  24.  Hanna  and  Hertlein,  1941:170,  fig.  62-21. 

Squires,  1984:35,  pi.  9d. 

Primary  Type  Material.  SU  holotype  195,  SU  paratype 
196,  Llajas  Formation,  SU  locality  2696. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 

Geographic  Distribution.  Simi  Yalley,  southern  California 
through  southwestern  Oregon. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  360,  362,  807?,  814,  827, 
845. 

Remarks.  Less  than  five  specimens  were  found  at  each 
locality,  and  preservation  is  fair.  Previously,  this  species  had 
not  been  reported,  with  certainty,  as  ranging  into  the  “Capay 
Stage.’’  Turner  (1938)  reported  L.  andersoni  from  the  upper 
Umpqua  Formation  (Glide  section),  which  he  considered  as 
probably  equivalent  to  the  “Capay  Stage.’’ 


Subfamily  Fulgorarinae  Pilsbry  and  Olsson,  1954 
Genus  Lyrischapa  Aldrich,  1911 

Type  Species.  By  monotypy,  Lyrischapa  harrisi  Aldrich, 
1911. 

Lyrischapa  lajollaensis  (Hanna,  1927) 
Figures  70,  7 1 

Pejonia  lajollaensis  Hanna,  1927:320,  pi.  52,  figs.  1-2. 
Volutospira  {Pejonia)  lajollaensis  (Hanna).  Clark,  1929,  pi. 

9,  figs.  1 1-1 2. 

Volutocristata  lajollaensis  (Hanna).  Gardner  and  Bowles, 

1934:246,  fig.  13.  Hanna  and  Hertlein,  1941:fig.  62-29. 

Givens,  1974:88. 

Lyrischapa  lajollaensis  (Hanna).  Givens,  1979:124-126,  pi. 

3,  figs.  1-2;  pi.  4,  figs.  1-3.  Givens  and  Kennedy,  1979: 

table  1.  Squires,  1984:36,  fig.  9e. 

Primary  Type  Material.  Holotype  lost,  UCMP  neotype 
14634  designated  by  Givens  (1979),  Ardath  Shale,  UCMP 
locality  5062. 

Molluscan  Stage  Range.  “Capay’’  through  “Domengine.” 

Geographic  Distribution.  San  Diego  through  Pine  Moun- 
tain area,  southern  California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  359,  802,  810,  827,  833, 
837. 

Remarks.  At  all  the  localities,  except  827,  only  one  or  two 
specimens  were  found.  Preservation  is  fair.  At  locality  827 
four  specimens  were  found.  As  noted  by  Givens  (1979),  each 
whorl  of  the  adult  part  of  the  shell  of  this  species  typically 
envelops  the  preceding  whorl  up  to  the  shoulder  so  that  only 
the  tips  of  the  peripheral  spines  are  exposed.  At  locality  827, 
one  of  the  specimens  shows  some  variation  in  this  respect, 
as  the  entire  peripheral  spines  are  exposed  and  not  just  the 
tips.  In  general,  the  tips  of  the  peripheral  spines  on  all  the 
Whitaker  Peak  specimens  are  robust. 

Previously,  this  species  had  not  been  reported  as  ranging 
into  the  “Capay  Stage.”  Its  presence  there  also  extends  the 
age  range  of  the  genus  into  the  early  Eocene.  Previously,  the 
earliest  record  of  the  genus  was  reported  as  middle  Eocene 
(Givens,  1979). 

Superfamily  Conacea 
Family  Turridae  Swainson,  1840 
Subfamily  Turriculinae  Powell,  1942 
G&nxxs  Fusiturricida  Woodring,  1928 

Type  Species.  By  original  designation,  Tunis  (Surcula) 
fusinella. 

Subgenus  Crenaturricida  Yokes,  1939 

Type  Species.  By  original  designation,  Surcula  cre- 
natospira  Cooper,  1894. 
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Fusitiirriciila  {Crenaturriciila)  crenatospira 
(Cooper,  1894) 

Figure  72 

Surciila  crenatospira  Cooper,  1894:39,  pi.  1,  figs.  2-4.  Dick- 
erson, 1913:278,  pi.  11,  fig.  4. 

Fusiturricula  {Crenaturriciila)  crenatospira  (Cooper).  Yokes, 
1939:1 14-1  15,  pi.  17,  figs.  4-5.  Powell,  1966:pl.  2,  fig.  14. 
Squires,  1984:36-37,  fig.  9h. 

A'e’A.'f’M'/i' /o  (Gabb).  Squires,  1977:table  1.  [Misidentification.] 

Primary  Type  Material.  CAS  syntypes  9a,  b (two  speci- 
mens), Capay  Formation,  UCMP  locality  1853. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  Simi  Valley,  southern  California 
through  Sutter  Buttes  [=Marysville  Buttes],  northern  Cali- 
fornia. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  359.  Turritella  uvasana  applinae 
fauna,  Matilija  Sandstone?:  CSUN  locality  237. 

Remarks.  Two  specimens  were  found  at  locality  359,  and 
only  one  specimen  was  found  at  locality  237.  The  latter  spec- 
imen was  originally  identified  by  Squires  (1977)  as  Nekewis 
io. 

Fusiturricula  {Crenaturriciila)  crenatospira  is  character- 
ized by  the  presence  of  collabral  costae  anterior  to  the  nodes 
on  the  spire  and  the  body  whorl. 

Genus  Surculites  Conrad,  1865 

Type  Species.  By  monotypy,  Surcula  {Surculites)  annosus 
Conrad,  1865. 

Surculites  mathewsonii  (Gabb,  1 864) 

Figure  73 

Fusus  mathewsonii  Gahh,  1864:83,  pi.  18,  fig.  33.  Dickerson, 
19i4d:pl.  16,  fig.  2. 

Bela  clathra  Gabb,  1869:152,  pi.  26,  fig.  31. 

IPleurotonia  decipiens  Cooper,  1894:40,  pi.  2,  fig.  32. 
Potaniidesl  davisiana  Cooper,  1894:44,  pi.  1,  fig.  13. 
Surcula  davisiana  (Cooper).  Dickerson,  1 9 1 3:279,  pi.  12,  figs. 
6a-b. 

Surcula{?)  sp.  Waring,  1917:pl.  15,  fig.  16. 

Surcula  decipiens  (Cooper).  Hanna,  1927:324,  pi.  54,  figs. 

6,  8. 

Surculites  mathewsonii  (Gabb).  Stewart,  1927:420-421,  pi. 
26,  figs.  12-14.  Clark,  1929:pl.  9,  figs.  3-4.  Turner,  1938: 
69-70,  pi.  17,  figs.  6,  10.  Yokes,  1939:123,  pi.  17,  figs.  8, 
19.  Weaver,  1943:526,  pi.  97,  figs.  24,  29;  pi.  98,  figs.  1, 
5;  1953:29.  Givens,  1974:90,  pi.  11,  figs.  5,  7.  Zinsmeister, 
1974:164,  pi.  17,  fig.  6;  1983a:table  1.  Squires,  1977:table 
1;  1984:37,  fig.  9j.  Givens  and  Kennedy,  1979:87,  tables 
1,  3. 

"‘Surculites”  mathewsonii  {Gabb).  Smith,  1975:pl.  2,  fig.  15. 

Primary  Type  Material.  ANSP  lectotype  4 1 80,  designated 
by  Stewart  (1927:420),  Tejon  Formation  s.l.,  near  Martinez, 
California. 


Molluscan  Stage  Range.  Lower  “Martinez”  through 
“Transition.” 

Geographic  Distribution.  San  Diego,  California  through 
southwestern  Oregon. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  358.  Turritella  uvasana  applinae 
fauna,  Matilija  Sandstone?:  CSUN  locality  219. 

Remarks.  Single  specimens  were  found  at  each  locality, 
and  they  are  internal  molds. 

Gqxwxs  Apiotoma  Cossmann,  1889 

Type  Species.  By  original  designation,  Pleurotoma  pirulata 
Deshayes,  1834. 

Apiotoma  californiana  new  species 

Figure  74 

Diagnosis.  Genus  assignment  based  on  medium,  elongate- 
fusiform  shell  with  a tall  spire,  whorls  angulate  above  middle 
portion,  ramp  area  sunken,  and  weak  spiral  sculpture.  Spe- 
cific assignment  based  on  whorls  strongly  angulate,  anterior 
half  of  whorls  nearly  straight-sided,  whorls  covered  with  spi- 
ral threads  (strongest  in  area  between  suture  and  shoulder). 

Apiotoma  californiana  new  species  is  similar  to  Apiotoma 
pirulata  (Deshayes,  1834:449,  pi.  66,  figs.  1-3;  Cossmann 
and  Pissarro,  1910-1913:pl.  51,  fig.  223  bis  19;  Wenz,  1943: 
fig.  3914;  Powell,  1966:36,  pi.  3,  fig.  23),  the  type  species, 
from  lower  and  middle  Eocene  strata  (Cuisian  Substage  and 
Lutetian  Stage)  of  the  Paris  Basin,  France.  Apiotoma  cali- 
forniana differs  from  examined  specimens  of  .4.  pirulata  in 
the  following  features:  larger,  more  angulate  whorls,  spiral 
sculpture  much  less  prominent  (especially  anterior  to  the 
shoulder),  shoulder  slope  more  sunken,  absence  of  any  ten- 
dency for  weak  collabral  sculpture,  and  absence  of  weak  can- 
cellate  sculpture. 

Apiotoma  californiana  new  species  differs  from  A.  ander- 
(Dickerson,  19 14d:  149, pi.  16,  fig.  1 l;Zinsmeister,  1974: 
164-165,  pi.  17,  figs.  1-4)  from  upper  Paleocene  strata  in 
California  and  the  only  other  species  of  this  genus  on  the 
West  Coast  in  the  following  features:  lack  of  nodes  on  the 
angulation  and  no  spiral  ribbing  that  alternates  in  size  on  the 
body  whorl. 

Description.  Shell  medium,  elongate-fusiform,  with  three 
and  one-half  whorls.  Uppermost  spire  whorls  missing.  Tel- 
eoconch  whorls  strongly  angulate  just  posterior  to  middle 
portion.  Thickened  spiral  cord  along  suture.  Ramp  area  sunk- 
en and  covered  with  about  five  weak  spiral  ribs  that  can  have 
secondary  ribs  in  between  anteriorly.  Ramp  area  also  with 
broadly  arcuate  growth  lines.  Angulate  shoulder  with  weak 
spiral  ribs.  Anterior  half  of  whorls  nearly  straight-sided  and 
covered  with  numerous  and  closely  spaced,  very  weak  spiral 
ribs.  Ribbing  tends  to  become  somewhat  obsolete  along  base 
of  body  whorl. 

Aperture  narrow.  Inner  lip  smooth.  Outer  lip  broken  and 
posterior  notch  area  not  preserved  although  the  broadly  ar- 
cuate growth  lines  clearly  show  the  posterior  notch  shape. 
Anterior  end  of  body  whorl  broken.  Holotype  height  (incom- 
plete) 35  mm,  width  (complete)  16  mm. 
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Primary  Type  Material.  LACMIP  holotype  7494,  Juncal 
Formation,  CSUN  locality  360. 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Whitaker  Peak  area,  southern 
California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  360. 

Remarks.  Only  a single  specimen  was  found,  and  preser- 
vation is  fair. 

Apiotoma  ranges  from  late  Paleocene  through  Recent 
(Cossmann  and  Pissarro,  1909;  Dickerson,  1914d;  Powell, 
1966;  Davies,  1975;  Zinsmeister,  1974,  1983a).  One  late 
Paleocene  species,  A.  andersoni  (Dickerson),  has  been  found 
in  California.  This  species  is  the  earliest  reported  species  of 
this  genus  in  the  Western  Hemisphere.  It  is  present  in  the 
“Martinez  Stage”  Santa  Susana  Formation,  Simi  Hills, 
southern  California  (Zinsmeister,  1974,  1983a)  and  in  “Mar- 
tinez”-age  strata  in  the  San  Francisco  region  (Dickerson, 
1914d).  Apiotoma  californiana  new  species  is  the  first  re- 
ported Eocene  species  of  this  genus  in  the  Western  Hemi- 
sphere. Two  earliest  Eocene  species  have  been  found  in  Pa- 
kistan (Davies,  1975;  Hasson,  1985),  one  early  and  middle 
Eocene  species  (the  type  species)  has  been  found  in  the  Paris 
Basin,  several  Oligocene  and  Miocene  species  have  been  found 
in  southeastern  Australia,  several  Miocene  species  have  been 
found  in  Java,  and  one  Recent  species  has  been  found  in  the 
Philippines  (Powell,  1966). 

Powell  (1966)  stated  that  the  whorls  are  only  weakly  an- 
gulate  in  Apiotoma.  but  in  the  figures  given  by  Cossmann 
and  Pissarro  ( 1 910-19 1 3)  for  the  type  species,  the  whorls  are 
rather  strongly  angulate. 

Etymology.  The  species  is  named  for  the  state  of  California. 

Genus  Pleurofiisia  Gregorio,  1890 

Type  Species.  By  original  designation,  Pleurotoma  (Pleu- 
rofusia)  longirostropis  Gregorio,  1890. 

Pleurofiisia  fresnoensis  (Arnold,  1910) 

Figure  75 

Pleurotoma  fresnoensis  Arnold,  1910:53,  pi.  4,  hg.  23. 
Siircula  clarki  Dickerson,  1913:278,  pi.  11,  hg.  3. 

Surcula  lindavistaensis  Hanna,  1927:325-326,  pi.  56,  hgs.  3, 

7-8. 

Pleurofiisia  fresnoensis  (Arnold).  Yokes,  1939:117-1  18,  pi. 

17,  figs.  15-16.  Givens,  1974:90,  pi.  11,  hg.  9.  Givens  and 

Kennedy,  1979:95,  tables  1,  3.  Squires,  1984:36,  hg.  9g. 

Primary  Type  Material.  USNM  holotype  165631,  Do- 
mengine  Formation,  USGS  locality  4619. 

Molluscan  Stage  Range.  “Capay”  through  “Transition.” 

Geographic  Distribution.  San  Diego  through  central  Cal- 
ifornia. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  362.  Turritella  uvasana  applinae 
fauna,  Matilija  Sandstone?:  CSUN  locality  237. 

Remarks.  Only  a single  specimen  was  found  at  locality 
362,  and  two  specimens  were  found  at  locality  237.  Preser- 


vation is  fair,  but  the  anterior  canal  is  missing  in  all  the 
specimens.  The  specimens  show  the  characteristic  ornamen- 
tation of  this  species;  namely,  sharply  angulated  whorls  with 
swollen  nodes  crossed  by  two  strong  spiral  ribs. 

Keen  and  Bentson  (1944)  assigned  Surcula  lindavistaensis 
to  Pleurofiisia  lindavistaensis.  Givens  and  Kennedy  (1979) 
regarded  Pleurofiisia  fresnoensis  to  be  synonymous  with  Sur- 
ciila  lindavistaensis. 

Subfamily  Tiirrinae  Powell,  1942 
Genus  Eopleurotoma  Cossmann,  1889 

Type  Species.  By  original  designation,  Pleurotoma  mul- 
ticostata  Deshayes,  1834. 

Eopleurotoma  whitakerpeakensis  new  species 

Figures  76,  77 

Diagnosis.  Generic  assignment  based  on  fusiform  shape, 
straight  columella,  U-shaped  growth  lines  on  ramp  area,  and 
collabral  costae  noded  posteriorly.  Specihc  assignment  based 
on  the  seven  collabral  costae  and  numerous  spiral  ribs  an- 
terior to  the  strongly  angulate  shoulder. 

Eopleurotoma  whitakerpeakensis  new  species  is  similar  to 
Pleurotoma  (Eopleurotoma?)  amphihola  Cossmann  and  Pis- 
sarro (1909:14,  pi.  1,  hgs.  33-35;  Powell,  1969:303,  pi.  236, 
hgs.  2,  3)  from  the  Upper  Ranikot  strata,  Pakistan.  According 
to  Hasson  (1985),  these  strata  are  assignable  to  an  early  Eocene 
age.  Eopleurotoma  whitakerpeakensis  differs  from  P.  (E.?) 
amphihola  in  the  following  features:  more  angulate  whorls, 
collabral  costae  less  swollen,  absence  of  a suprasutural  fold 
(preservation  may  be  responsible  for  this),  and  absence  of 
spiral  ribs  on  ramp  between  suture  and  shoulder. 

Eopleurotoma?  traski  Yokes  (1939:1 16-1 17,  pi.  17,  hg.  9) 
is  the  only  other  reported  species  of  Eopleurotoma  (albeit  a 
questionable  assignment)  from  the  West  Coast  Tertiary,  and 
it  is  from  middle  Eocene  strata  near  Coalinga,  central  Cali- 
fornia. Eopleurotoma  whitakerpeakensis  new  species  differs 
from  E.?  traski  in  the  following  features:  shoulder  nearer  the 
suture  and  more  strongly  angulated,  much  less  sloping  ramp 
area,  absence  of  spiral  ribs  on  ramp,  seven  rather  than  nine 
collabral  costae  on  the  whorls,  much  stronger  nodes  on  the 
body  whorl,  and  more  uniform  strength  spiral  ribbing  on  the 
whorls.  The  presence  of  a well-developed  siphonal  fasciole 
on  E.?  traski  indicates  assignment  to  another  genus  because 
according  to  Davies  (1975)  Eopleurotoma  has  no  siphonal 
fasciole. 

Description.  Shell  small,  fusiform.  Upper  spire  missing. 
Three  and  one-half  strongly  angulate  whorls.  Slightly  concave 
ramp  area  between  suture  and  shoulder  essentially  smooth 
except  for  U-shaped  growth  lines  and  very  faint  spiral  threads. 
Angulate  shoulder  with  seven  noded,  swollen  collabral  costae 
that  extend  anteriorly  to  next  suture.  Nodes  and  collabral 
costae  tend  to  become  obsolete  on  body  whorl.  Numerous 
spiral  ribs  anterior  to  the  shoulder  on  all  whorls  and  on  neck 
area.  These  spiral  ribs  are  slightly  finer  and  more  closely 
spaced  along  the  noded  area  of  the  shoulder. 

Aperture  narrow.  Inner  lip  smooth.  Outer  lip  broken  and 
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posterior  notch  area  not  preserved  although  the  U-shaped 
growth  lines  clearly  show  the  posterior  notch  shape.  Holotype 
height  (incomplete)  17  mm,  width  (complete)  8 mm. 

Primary  Type  Material.  LACMIP  holotype  7496,  Juncal 
Formation,  CSUN  locality  827. 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Whitaker  Peak  area,  southern 
California. 

Local  Occurrence.  Twritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  827. 

Remarks.  Only  two  specimens  were  found  and  both  are 
incomplete.  Preservation  is  good. 

The  earliest  known  species  of  Eopleurotoma  is  from  the 
Upper  Ranikot  strata,  Pakistan  (Davies,  1975).  According 
to  Hasson  ( 1 985),  these  strata  are  assignable  to  an  early  Eocene 
age.  The  geologic  range  of  Eopleurotoma  is  from  early  Eocene 
into  the  01igocene(Wenz,  1943;  Powell,  1966;  Davies,  1975). 
It  is  common  in  the  Paris  Basin,  France,  Eocene  and  is  fairly 
common  in  the  southeastern  United  States  Eocene.  Two 
species,  which  are  much  less  angulate  than  E.  whitakerpeak- 
eiisis.  have  been  reported  from  the  upper  Eocene  Talara  For- 
mation of  northern  Peru  (Olsson,  1930:29-30;  Powell,  1966: 
45).  Eopleurotoma  whitakerpeakensis  is  the  only  species  in 
the  West  Coast  Tertiary  that  seems  to  actually  belong  to  this 
genus.  The  morphologic  variation  within  Eopleurotoma  is 
considerable.  Strongly  angulate  species  are  the  exception  rather 
than  the  norm,  and  it  is  certainly  possible  that  with  future 
taxonomic  work,  E.  whitakerpeakensis  may  be  transferred 
to  another  turrid  genus.  According  to  Davies  (1975),  there 
should  be  a row  of  crenulations  on  a posterior  sutural  thread 
m Eopleurotoma.  This  feature  is  apparently  absent  on  E. 
whitakerpeakensis.  More  taxonomic  work  is  needed  to  es- 
tablish if  this  sutural  thread  is  a constant  generic  character- 
istic. 

Etymology.  The  species  is  named  for  Whitaker  Peak  in  the 
study  area. 

Subfamily  Cryptoconinae  Wenz,  1943 
Genus  Cryptocorms  Koenen,  1867 

Type  Species.  By  subsequent  designation  (Cossmann,  1 889), 
Pleurotoma  filosa  Lamarck. 

Cryptoconus  cooperi  (Dickerson,  1916) 

Figure  78 

Drillia  cooperi  Dickerson,  1916:491,  pi.  40,  figs.  6a-b. 
Cryptoconus  injiicundus  Hanna,  1924:164. 

Turriculal  cooperi  (Dickerson).  Clark  and  Woodford,  1927: 

109,  figs.  8-10. 

Cryptoconus  cooperi  (Dickerson).  Clark,  1929:pl.  5,  fig.  3. 

Clark  and  Yokes,  1936:875,  pi.  1,  fig.  13.  Turner,  1938: 

table  8.  Yokes,  1939:124,  pi.  17,  fig.  17. 

Primary  Type  Material.  UCMP  holotype  1 1824,  UCMP 
paratype  1 1825,  lower  Eocene  strata,  UCMP  locality  1853. 

Molluscan  Stage  Range.  “Meganos”  through  “Domen- 
gme.” 


Geographic  Distribution.  Whitaker  Peak  area,  southern 
California  through  southwestern  Oregon. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  802?,  827,  845. 

Remarks.  Eight  adult  specimens  were  found  at  locality  827. 
Preservation  is  fair  to  good.  The  upper  spire  regions  are 
poorly  preserved,  however.  Only  one  or  two  poorly  preserved 
specimens  were  found  at  the  other  localities. 

This  small  species  is  characterized  by  a slender  fusiform 
shell  with  a moderately  long  anterior  canal,  a smooth  colu- 
mella, and  a posterior  notch  that  produces  an  anal  band 
posteriorly  on  the  rounded  whorls.  In  well-preserved  speci- 
mens, the  shell  surface  is  completely  covered  with  fine  to 
coarse  spiral  ribs.  Some  of  the  poorly  preserved  specimens 
at  locality  827  have  only  three  or  so  spiral  ribs  just  anterior 
to  the  posterior  anal  band  on  the  otherwise  smooth  spire 
whorls,  as  do  some  of  the  hypotypes  illustrated  by  other 
workers;  namely,  UCMP  hypotypes  3 1 264  and  3 1 265  (Clark 
and  Woodford,  1927:pl.  19,  figs.  8,  9,  respectively)  and  UCMP 
hypotype  1 5780  (Clark  and  Yokes,  1936:pl.  l,fig.  13).  UCMP 
hypotype  31273  (Clark  and  Woodford,  1927:pl.  19,  fig.  10) 
and  the  holotype  of  C.  cooperi  have  spiral  ribbing  over  the 
entire  shell  surface. 

Hanna  (1924)  renamed  Drillia  cooperi  Dickerson  because 
he  believed  that  the  name  was  preoccupied  by  Arnold’s  (1903: 
203,  pi.  7,  fig.  3)  Pleurotoma  (Dolichotoma)  cooperi.  Yokes 
(1939)  assigned  Arnold’s  species  to  genus  Megasurcula, 
thereby  avoiding  the  need  to  rename  Dickerson’s  species. 
Hanna’s  (1924)  use  of  Cryptoconus,  however,  was  retained 
by  later  workers.  Clark  and  Woodford  (1927)  questionably 
referred  the  species  to  Turricula,  but  such  an  assignment  is 
not  suitable  as  the  whorls  of  a typical  Turricula  are  angulated. 

Cossmann  and  Pissarro  (1910-1913:pl.  49)  illustrated  20 
species  of  Cryptoconus  from  Paris  Basin,  Prance,  Eocene 
strata.  Many  of  these  species  are  closely  allied  to  C.  cooperi, 
but  C.  prisons  (Cossmann  and  Pissarro,  1 9 10-1 9 1 3:pl.  49, 
fig.  216b)  from  middle  and  upper  Eocene  strata  (Lutetian 
and  Bartonian  stages)  of  the  Paris  Basin  seems  to  be  most 
closely  allied,  especially  in  terms  of  the  anal  band  and  the 
presence  of  ribbing  over  the  entire  shell  surface.  Clark  and 
Yokes  (1936:pl.  1,  figs.  13,  14)  also  recognized  this  close 
similarity,  and  according  to  them,  C.  cooperi  differs  from  C. 
prisons  in  that  the  whorls  of  the  California  species  are  some- 
what more  inflated  and  the  anterior  canal  is  slightly  more 
sharply  delineated  from  the  rest  of  the  shell. 

Family  Conidae  Rafinesque,  1815 
Genus  Conus  Linne,  1758 

Type  Species.  By  subsequent  designation  (Children,  1823), 
Conus  marmoreus  Linne,  1758. 

Conus  caleociiis  Yokes,  1939 

Figure  79 

Conus  caleocius  Yokes,  1939:127-129,  pi.  18,  figs,  1,  7. 

Squires,  1984:39,  fig.  9m. 
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Primary  Type  Material.  UCMP  holotype  15785,  Llajas 
Formation,  UCMP  locality  3310. 

Molluscan  Stage  Range.  “Domengine.” 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  central  California. 

Local  Occurrence.  Turritella  uvasana  applinae  fauna,  Jun- 
cal  Formation:  CSUN  locality  828. 

Remarks.  Only  a single  specimen  was  found.  Preservation 
is  good.  This  species  is  characterized  by  the  presence  of  strong 
spiral  ribs  over  the  entire  body  whorl,  1 3 to  14  nodes  on  the 
shoulder  of  the  body  whorl,  and  a row  of  small  nodes  im- 
mediately anterior  to  the  suture. 

Conus  reniondii  Gabb,  1 864 

Figure  80 

Conus  remondii  Gabb,  1864:122,  pi.  20,  fig.  79.  Waring, 

19i7:pl.  15,  fig.  4.  Hanna,  1927:328,  pi.  56,  figs.  4-5,  15- 

16.  Stewart,  1927:414-415,  pi.  29,  fig.  15.  Clark,  1929:pl. 

10,  fig.  16;  pi.  13,  fig.  13.  Squires,  1977:table  1. 

IComis  remondii  Gabb.  Anderson  and  Hanna,  1925:100- 

101,  pi.  8,  fig.  7. 

Primary  Type  Material.  ANSP  lectotype  4237,  designated 
by  Stewart  (1927:4 14),  Tejon  Formation  s.l.,  Grapevine  Can- 
yon, Kern  County,  California. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 

Geographic  Distribution.  San  Diego  through  central  Cal- 
ifornia. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  359.  Turritella  uvasana 
applinae  fauna,  Juncal  Formation:  CSUN  localities  363,  828. 
Turritella  uvasana  applinae  fauna,  Matilija  Sandstone?:  CSUN 
localities  219,  231. 

Remarks.  At  most  of  the  localities  five  specimens  were 
found,  except  at  localities  358,  359,  and  231,  where  single 
specimens  were  found.  Preservation  is  fair  to  good.  This 
species  is  characterized  by  the  presence  of  about  22  nodes 
on  the  shoulder  of  the  body  whorl  and  strong  spiral  ribs  on 
the  anterior  portion  of  the  body  whorl.  Previously,  this  species 
had  not  been  reported  as  ranging  into  the  “Capay  Stage.” 

Conus  hornii  piruensis  new  subspecies 

Figures  81,  82 

Diagnosis.  Generic  assignment  based  on  inverted  conical 
shape  and  high  aperture  with  parallel  sides.  Specific  assign- 
ment based  on  moderately  high  spire,  angulate  body  whorl, 
and  spire  whorls  concave  with  a few  spiral  ribs.  Subspecific 
assignment  based  on  numerous  spiral  ribs  in  concave  portion 
of  body  whorl  posterior  to  unnoded  angulate  shoulder. 

Conus  hornii  piruensis  new  subspecies  is  most  similar  to 
Conus  hornii  umpquaensis  Turner  (1938:69,  pi.  15,  figs.  1, 
2;  Yokes,  1939:127,  pi.  18,  fig.  2;  Weaver,  1943:510-51  1, 
pi.  96,  fig.  18;  Stewart,  1946:pl.  1 1,  fig.  6;  Givens  and  Ken- 
nedy, 1979:87,  tables  1,  3;  Squires,  1984:39,  fig.  9n)  from 
middle  Eocene  strata  (“Domengine”  through  “Transition” 
“Stages”),  San  Diego,  California  through  southwestern  Ore- 
gon. Conus  hornii  piruensis  differs  from  C.  hornii  umpquaen- 


sis in  having  spiral  ribs  over  the  entire  shell  surface  rather 
than  only  on  the  anterior  portion  of  the  body  whorl. 

Conus  hornii  piruensis  new  subspecies  is  similar  to  Conus 
submonilifer  Anderson  and  Hanna  (1925:99-100,  pi.  8,  fig. 
6)  from  upper  Eocene  (“Tejon  Stage”)  strata,  Kern  County, 
southern  California.  Conus  hornii  piruensis  differs  from  C. 
submonilifer  in  the  following  features:  spiral  ribs  over  the 
entire  shell  surface  rather  than  only  on  the  body  whorl,  con- 
cave-sided spire  whorls  rather  than  almost  straight-sided, 
and  no  traces  of  nodes  on  the  shoulder  of  the  whorls. 

Conus  hornii  piruensis  new  subspecies  is  somewhat  similar 
to  Conus  hornii  Gabb  (1864:122,  pi.  29,  fig.  226;  Dickerson, 
1 9 1 5:pl.  11,  figs.  9a-c;  Anderson  and  Hanna,  1 925:99;  Stew- 
art, 1927:415,  pi.  29,  fig.  16;  Givens,  1974:92,  pi.  10,  fig.  12) 
from  upper  Eocene  (“Tejon  Stage”)  strata,  central  Transverse 
Ranges,  southern  California.  Conus  hornii  piruensis  differs 
from  C.  hornii  in  the  following  features:  slightly  higher  spire 
(one-third  rather  than  one-fifth  of  shell  height),  spiral  ribs 
over  entire  shell  surface,  numerous  spiral  ribs  rather  than 
only  a few  in  concave  portion  of  body  whorl  posterior  to 
shoulder,  and  absence  of  fine  groove  just  posterior  to  the 
body  whorl  shoulder. 

Conus  hornii  piruensis  new  subspecies  superficially  resem- 
bles Conus  weaveri  Dickerson  (1915:74-75,  pi.  11,  fig.  10; 
Anderson  and  Hanna,  1925:101-102;  Weaver,  1943:512,  pi. 
96,  fig.  26)  from  the  upper  Eocene  Cowlitz  Formation,  south- 
western Washington.  Conus  hornii  piruensis  differs  from  C. 
weaveri  in  the  following  features:  narrower  shell,  higher  spire, 
seven  rather  than  three  or  four  fine  spiral  ribs  posterior  to 
penultimate  whorl  shoulder,  nine  rather  than  five  fine  spiral 
ribs  posterior  to  body  whorl  shoulder,  less  concave  in  area 
between  suture  and  whorl  shoulder,  absence  of  nodes  on  spire 
whorls  or  on  adapical  half  of  body  whorl  shoulder,  and  stronger 
spiral  ribs  on  middle  portion  of  body  whorl.  Contrary  to 
Dickerson’s  (1915)  description,  the  holotype  of  C.  weaveri  is 
noded,  with  nodes  on  the  shoulder  (i,e.,  small  nodes  starting 
on  the  adapical  half  of  body  whorl  shoulder  and  increasing 
m size  toward  the  spire  apex). 

Description.  Shell  small,  biconical,  seven  to  eight  whorls, 
impressed  sutures,  moderately  high  spire,  approximately  one- 
third  of  shell  height.  Protoconch  missing.  Spire  whorls  con- 
cave, lowermost  portion  of  whorls  angulate  and  slightly  bead- 
ed in  upper  spire  whorls.  Upper  spire  whorls  with  about  three 
fine  spiral  ribs,  penultimate  whorl  with  four  fine  spiral  ribs 
on  posterior  half  and  three  very  fine  spiral  lirae  on  anterior 
half  Body  whorl  concave  posterior  to  angulate  shoulder,  with 
five  fine  spiral  ribs  on  posterior  half  of  concavity  and  four 
very  fine  spiral  threads  on  anterior  half  Body  whorl  flat- 
sided anterior  to  shoulder  and  covered  by  numerous  well- 
incised  spiral  ribs  that  become  stronger  and  more  closely 
spaced  anteriorly. 

Aperture  long  and  narrow.  Inner  lip  obscured  by  matrix. 
Holotype  height  (complete)  14  mm,  width  (complete)  8 mm. 

Primary  Type  Material.  LACMIP  holotype  7500,  Matilija 
Sandstone?,  CSUN  locality  237. 

Molluscan  Stage  Range.  “Domengine.” 

Geographic  Distribution.  Whitaker  Peak  area,  southern 
California. 
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Figures  81-99.  Whitaker  Peak  area  Eocene  neogastropods,  cephalaspids,  and  bivalves.  Figs.  81-82.  Neogastropods.  81-82.  Conus  hornii 
piruensis  new  subspecies.  All  parts  LACMIP  holotype  7500,  CSUN  loc.  237.  81.  Apertural  view,  x2.5,  height  14  mm,  width  8 mm.  82.  Apex 
tilted  to  show  spire  ornamentation,  x4.5,  width  8 mm.  Figs.  83-85.  Cephalaspids.  83.  Cylichnina  tantilla  (Anderson  and  Hanna,  1925), 
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Local  Occurrence.  Turritella  uvasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  locality  237. 

Remarks.  Twelve  specimens  were  found,  ranging  in  height 
from  7 to  22.5  mm.  Preservation  is  good,  but  all  specimens 
have  been  affected  by  weathering.  In  some  of  the  more  weath- 
ered specimens,  the  very  fine  spiral  lirae  have  been  obliter- 
ated. 

Etymology.  The  species  is  named  for  Piru  Creek,  southern 
California. 

Subclass  Euthyneura 
Order  Cephalaspidea 
Superfamily  Cylichnacea 
Family  Cylichnidae  A.  Adams,  1850 
Genus  Cylichnina  Monterosato,  1884 

Type  Species.  By  original  designation.  Bulla  umbilicata 
Montagu,  1803. 

Cylichnina  tantilla  (Anderson  and  Hanna,  1925) 

Figure  83 

Cylichnella  tantilla  Anderson  and  Hanna,  1925:140,  pi.  7, 
figs.  4,  8-9. 

Cylichnina  tantilla  (Anderson  and  Hanna).  Stewart,  1927: 
439-441,  pi.  27,  figs.  2-4;  1946:pl.  11,  fig.  11.  Turner, 
1938:67-68,  pi.  20,  figs.  9-10.  Yokes,  1939:1  10,  pi.  16, 
figs.  28,  33,  39.  Weaver,  1943:548-549,  pi.  100,  figs.  10- 
12,  14-1 5.  Givens,  1974:93.  Squires,  1977:table  1;  1983b, 
fig.  9a;  1984:40,  fig.  9p. 

Primary  Type  Material.  CAS  holotype  958,  CAS  paratypes 
959  and  960,  Tejon  Formation,  CAS  locality  711. 
Molluscan  Stage  Range.  “Capay”  through  “Tejon.” 
Geographic  Distribution.  Simi  Valley,  southern  California 
through  western  Washington. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  359,  360,  361,  364,  802, 
805,  807,  827,  830,  831,  832,  835,  841,  845,  846.  Turritella 


uvasana  applinae  fauna,  Juncal  Formation:  CSUN  localities 
363,  828.  Turritella  uvasana  applinae  fauna,  Matilija  Sand- 
stone?: CSUN  localities  219,  231,  232?,  237. 

Remarks.  At  most  localities  less  than  three  specimens  were 
found.  At  locality  802  in  the  Turritella  uvasana  infera  fauna 
and  localities  219,  237,  and  363  in  the  Turritella  uvasana 
applinae  fauna,  about  16  specimens  were  found,  and  they 
constitute  growth  series.  Preservation  is  fair  at  all  localities, 
but  the  spiral  ribbing  in  about  half  of  the  specimens  is  not 
well  preserved. 

Although  it  was  reported  that  this  species  is  confined  to 
the  “Domengine  Stage”  (Squires,  1984),  it  also  occurs  in  the 
“Capay  Stage”  (Givens,  1974)  as  further  indicated  by  its 
presence  in  the  Turritella  uvasana  infera  fauna  in  the  Whit- 
aker Peak  area. 

Genus  Scaphander  Montfort,  1810 

Type  Species.  By  original  designation.  Bulla  lignaria  Linne, 
1767. 

SwhgtnvLS  Mirascapha  Stewart,  1927 

Type  Species.  By  original  designation,  Cylichna  cosiata 
Gabb,  1864. 

Scaphander  (Miraseapha)  costatiis  (Gabb,  1 864) 

Figure  84 

Cylichna  costata  Gabb,  1864:143-144,  pi.  21,  fig.  107.  Ar- 
nold, 1907:pl.  39,  fig.  10.  Zinsmeister,  1974:170-171,  pi. 
12,  figs.  20-22. 

Scaphander  costata  (Gabb).  Hanna,  1927:329,  pi.  57,  figs. 
2-3,  5. 

Scaphander  (Miraseapha)  costatus  (Gabb).  Stewart,  1927: 
437-438,  pi.  27,  fig.  5.  Turner,  1938:67,  pi.  17,  fig.  16. 
Yokes,  1939:109,  pi.  16,  figs.  29,  35.  Moore,  1968:28,  pi. 
12c.  Givens,  1974:93-94.  Squires,  1984:40,  fig.  9q. 
Scaphander  costatus  (Gabb).  Weaver,  1943:545,  pi.  100,  fig. 
2,  pi.  103,  fig.  21;  1953:29.  Givens  and  Kennedy,  1979: 
88,  table  3. 


apertural  view,  x3.2,  height  1 1 mm,  width  4.5  mm,  LACMIP  hypotype  7501,  CSUN  loc.  219.  84.  Scaphander  (Miraseapha)  costatus  (Gabb, 
1864),  abapertural  view,  x2.5,  height  14  mm,  width  8 mm,  LACMIP  hypotype  7502,  CSUN  loc,  291. 85.  IPyramidella  preblei  Hanna,  1927, 
apertural  view,  x4,  height  9 mm,  width  4 mm,  LACMIP  hypotype  7503,  CSUN  loc.  237.  Figs.  86-99.  Bivalves.  86.  Acila  (Tnmcacila)  decisa 
(Conrad,  1855),  right  valve,  x3.1,  length  9 mm,  height  7 mm,  LACMIP  hypotype  7504,  CSUN  loc.  237.  87.  Hilgardial  parkei  (Anderson 
and  Hanna,  1925),  left  valve,  x3.8,  length  8.5  mm,  height  5 mm,  LACMIP  hypotype  7505,  CSUN  loc.  237.  88.  Barbatia  (Barbatia)  cf  B. 
(B.)  morsei  Gabb,  1864,  left  valve,  x 1.5,  length  27  mm,  height  17  mm,  LACMIP  hypotype  7506,  CSUN  loc.  358.  89.  Barbatia  (Cucullaearca) 
cliffensis  Hanna,  1927,  partial  right  valve,  x3,  length  13  mm,  height  8 mm,  LACMIP  hypotype  7507,  CSUN  loc.  828.  90.  Glycymeris 
(Glycymeris)  rosecanyonensis  Hanna,  1927,  right?  valve,  x3.6,  length  8 mm,  height  7 mm,  LACMIP  hypotype  7508,  CSUN  loc.  237.  91. 
Glycymeris  (Glycmerita)  sagittata  (Gabb,  1864),  right?  valve,  x 1.7,  length  18  mm,  height  17,  LACMIP  hypotype  7509,  CSUN  loc.  807.  92. 
Brachidontes  (Brachidontes)  cowlitzensis  (Weaver  and  Palmer,  1922),  right  valve,  x 2,  length  10  mm,  height  20  mm,  LACMIP  hypotype  7510, 
CSUN  loc.  237.  93.  Septifer  (Septifer)  cf  S'.  (S.)  elegans  Waring,  1917,  internal  mold  of  left  valve,  x2.3,  length  11  mm,  height  17  mm, 
LACMIP  hypotype  7511,  CSUN  loc.  364.  94.  Propeamussiid,  internal  mold  of  right?  valve,  x5.8,  length  5 mm,  height  5 mm,  LACMIP 
hypotype  7512,  CSUN  loc.  362.  95-96.  Plicatida  jimcalensis  new  species.  All  parts  x2.2,  length  15  mm,  height  18.5  mm,  LACMIP  holotype 
7513,  CSUN  loc.  362.  95.  Left  valve.  96.  Right  valve.  97.  Ostrea  haleyi  Hertlein,  1933,  left  valve,  xl.6,  length  20  mm,  height  23  mm, 
LACMIP  hypotype  7514,  CSUN  loc.  827.  98.  Ostrea  steward  Hanna,  1927,  interior  of  right  valve,  xO.4,  length  97  mm,  height  145  mm, 
LACMIP  hypotype  7515,  CSUN  loc.  216.  99.  Ostrea  cf  O.  stewarti  Hanna,  1927,  interior  of  left  valve,  xO.6,  length  75  mm,  height  85  mm, 
LACMIP  hypotype  7516,  CSUN  loc.  364. 
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Scaphander  cf.  5.  (Mirascapha)  costatus  (Gabb).  Squires, 

1977:  table  1. 

Primary  Type  Material.  ANSP  lectotype  4338,  designated 
by  Stewart  (1927:437),  Tejon  Formation  s.  1.,  near  Martinez, 
California. 

Molluscan  Stage  Range.  “Martinez”  through  “Transi- 
tion.” 

Geographic  Distribution.  San  Diego,  California  through 
western  Washington. 

Local  Occurrence.  Turritella  uvasana  appUnae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  localities  219,  231,  232,  237,  808. 

Remarks.  Only  single  specimens  were  found  at  each  lo- 
cality. Preservation  is  poor.  This  species  is  characterized  by 
the  very  wide  aperture  and  fairly  prominent  spiral  ribbing 
on  the  shell  exterior. 

Superfamily  Pyramidellacea 
Family  Pyramidellidae  Gray,  1840 
Genus  Pyramiclella  Lamarck,  1799 

Type  Species.  By  original  designation,  Trochus  dolabrata 
Linne,  1758. 

IPyramidella  preblei  Flanna,  1927 

Figure  85 

Pyramidella  preblei  Hanna,  1927:303,  pi.  46,  tigs.  19-21. 

Primary  Type  Material.  UCMP  holotype  31056,  UCMP 
paratypes  31057  and  31058,  Ardath  Shale,  UCMP  locality 
3986. 

Molluscan  Stage  Range.  “Domengine.” 

Geographic  Distribution.  San  Diego  through  Whitaker  Peak 
area?,  southern  California. 

Local  Occurrence.  Turritella  uvasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  locality  237. 

Remarks.  Three  specimens  were  found,  and  they  range  in 
height  from  1.5  to  8 mm.  Because  the  apertural  area  is  ob- 
scured by  matrix  and  the  anterior  end  is  missing  in  each 
specimen,  positive  generic  and  specihc  identihcations  cannot 
be  made.  No  indications  of  an  open  umbilicus  were  observed; 
therefore,  the  specimens  resemble  P.  preblei  more  closely 
than  they  do  P.  etheringtoni  Hanna  (1927:302,  pi.  46,  figs. 
14,  18,  22),  also  from  the  Ardath  Shale,  San  Diego  area. 

Class  Bivalvia 
Subclass  Palaeotaxodonta 
Order  Nuculoida 
Superfamily  Nuculacea 
Family  Nuculidae  Gray,  1 824 
Genus  Acila  H.  and  A.  Adams,  1858 

Type  Species.  By  subsequent  designation  (Stoliczka,  1871), 
Nucula  divaricata  Hinds,  1843. 


Subgenus  Triincacila  Schenck  in 
Grant  and  Gale,  1931 

Type  Species.  By  original  designation  Nucula  castrensis 
Hinds,  1843. 

Acila  (Truncacila)  decisa  (Conrad,  1855) 

Figure  86 

Nucula  decisa  Conrad,  1855:1  1-12;  1857:pl.  3,  fig.  19. 

Acila  gabbiana  Dickerson,  1916:481,  pi.  36,  fig.  1.  Anderson 
and  Hanna,  1925:176,  pi.  9,  fig.  12. 

Nucula  {Acila)  stillwaterensis  Weaver  and  Palmer,  1922:6, 
pi.  8,  fig.  8. 

Acila  lajollaensis  Hanna,  1927:270,  pi.  25,  figs.  1,  3,  5,  7-8, 
12,  15. 

Acila  (Truncacila)  decisa  (Conrad).  Schenck,  1936:53-56,  pi. 
3,  figs.  1-9,  1 1-15;  pi.  4,  figs.  1-2;  text  fig.  7 (22,  23,  25). 
Turner,  1938:41-42,  pi.  5,  figs.  2-3.  Yokes,  1939:41,  pi. 
1,  figs.  7-8.  Weaver,  1943:22-23,  pi.  6,  figs.  1,  4,  8;  pi.  7, 
figs.  8-9.  Moore,  1968:30,  pi.  13a;  1983:10,  pi.  1,  fig.  14. 
Givens,  1974:38,  pi.  l,fig.  1 . Zinsmeister,  1974:67-68,  pi. 
6,  fig.  3;  1983a:table  1.  Squires,  1977:table  1;  1984:41,  fig. 
10a. 

Primary  Type  Material.  UCMP  neotype  31 132,  designat- 
ed by  Schenck  (1936:55),  Ardath  Shale,  UCMP  locality  5062. 

Molluscan  Stage  Range.  “Martinez”  through  upper  Eocene 
(Turritella  schencki  delaguerrae  Zone  of  Kleinpell  and  Weav- 
er, 1963). 

Geographic  Distribution.  San  Diego,  California  through 
Kamchatka,  U.S.S.R. 

Local  Occurrence.  Turritella  uvasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  locality  237. 

Remarks.  Twenty-six  disarticulated  specimens  were  found 
at  locality  237.  Preservation  is  excellent.  There  are  about 
equal  numbers  of  right  and  left  valves,  and  there  is  a partial 
growth  series  with  specimens  ranging  in  height  from  5 to  1 1 
mm. 

Superfamily  Nuculanacea 

Family  Nuculanidae  H.  and  A.  Adams,  1858 

Genus  Hilgardia  Harris  and  Palmer,  1 946 

Type  Species.  By  original  designation,  Leda  multilineata 
Conrad,  1855. 

Hilgardial  parkei  (Anderson  and  Hanna,  1925) 

Figure  87 

Leda parkei  Anderson  and  Hanna,  1 925:1 79-1 80,  pi.  2,  figs. 
10-11. 

Nuculana  (Saccella)  parkei  (Anderson  and  Hanna).  Givens, 
1974:39. 

Hilgardial  parkei  (Anderson  and  Hanna).  Moore,  1983:22- 
23,  pi.  3,  figs.  6-7. 

Primary  Type  Material.  CAS  holotype  782,  Tejon  For- 
mation, CAS  locality  244. 
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Molluscan  Stage  Range.  “Capay”  through  “Tejon.” 

Geographic  Distribution.  San  Diego  through  Coalinga  area, 
California. 

Local  Occurrence.  Turrit ella  uvasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  locality  237. 

Remarks.  Five  specimens  were  found  and  three  are  right 
valves.  This  taxodont  bivalve  is  characterized  by  its  corn- 
marginal  ribbing  and  the  presence  of  three  umbonal  ridges 
in  the  posterior  area.  The  commarginal  ribbing  in  the  Whit- 
aker Peak  specimens  is  somewhat  more  even  than  is  usual 
for  H I parkei. 

Hilgardia  is  confined  to  North  America.  Hilgardial  parkei 
is  the  earliest  known  species  in  North  America  and  is  the 
only  one  on  the  West  Coast  (Palmer  and  Brann,  1 965;  Moore, 
1983). 

Subclass  Pteriomorpha 
Order  Arcoida 
Superfamily  Arcacea 
Family  Arcidae  Lamarck,  1 809 
Subfamily  Arcinae  Lamarck,  1 809 
Genus  Barbatia  Gray,  1 842 

Type  Species.  By  subsequent  designation  (Gray,  1857), 
Area  barbata  Linne,  1758. 

Subgenus  Barbatia  s.s. 

Barbatia  (Barbatia)  cf.  B.  (B.)  morsei  Gabb,  1864 

Figure  88 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  358. 

Remarks.  Only  a single  specimen  was  found,  and  it  was 
collected  by  Shepard  ( 1 960)  at  UCLA  locality  7210  = CSUN 
locality  358.  The  specimen  is  a nearly  complete  left  valve 
that  has  the  same  outline  and  posterior  umbonal  ridge  with 
a shallow  depression  in  front  of  it  that  B.  (B.)  morsei  pos- 
sesses. Most  of  the  surface  of  the  specimen,  however,  is  ob- 
scured or  possibly  worn  away  and  no  sculpture  pattern  can 
be  detected.  Remnants  of  the  sculpture  can  be  seen  along  the 
edges  of  the  specimen.  Cancellate  ornamentation  is  present 
there  and  resembles  that  on  B.  (B. ) morsei. 

This  species  has  been  reported  from  possible  “Capay  Stage” 
strata  (Dickerson,  1916)  in  northern  California  and  from 
“Domengine  Stage”  strata  (Arnold,  1910;  Dickerson,  1916; 
Hanna,  1927;  Clark,  1 929;  Stewart,  1930;  Yokes,  1939;  Rein- 
hart, 1943;  Givens,  1974;  Moore,  1983)  in  southern  through 
central  California.  If  the  specimen  from  CSUN  locality  358 
is  B.  (B.)  morsei.  then  it  would  be  the  first  occurrence  in 
“Capay”-age  strata  in  southern  California. 

Subgenus  Cuculkiearca  Gray,  1857 

Type  Species.  By  subsequent  designation  (Stoliezka,  1871), 
Byssoarca  lima  Conrad,  1847. 


Barbatia  (CucuUaearca)  clijfensis  Hanna,  1927 

Figure  89 

Barbatia  clijfensis  Hanna,  1927:272,  pi.  26,  figs.  1-6. 
Barbatia  (CucuUaearca)  clijfensis  Hanna.  Reinhart,  1943: 
32-33,  pi.  1,  figs.  5-7.  Moore,  1983:34-35,  pi.  5,  figs.  9, 
12. 

Primary  Type  Material.  UCMP  lectotype  31077,  desig- 
nated by  Reinhart  (1943:32),  Ardath  Shale,  UCMP  locality 
5062. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  San  Diego  through  Whitaker  Peak 
area,  southern  California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  818?,  830?  Turritella  uvasana 
applinae  fauna,  Juncal  Formation:  CSUN  locality  828. 

Remarks.  Only  single  specimens  were  found  at  each  lo- 
cality. Preservation  is  poor  to  fair.  This  species  is  character- 
ized by  the  near  central  beaks,  posterior  umbone,  and  noded 
character  of  the  ribs.  Previously,  this  species  had  not  been 
reported  as  ranging  into  the  “Capay  Stage”  or  as  occurring 
in  the  Transverse  Ranges  of  southern  California. 

Superfamily  Limnopsacea 
Family  Glycymerididae  Newton,  1922 
Subfamily  Glycymeridinae  Newton,  1922 
Genus  Glycymeris  da  Costa,  1778 

Type  Species.  By  tautonymy.  Area  orbicularis  da  Costa, 
1778  [=Arca  glycymeris  Linne,  1758]. 

Subgenus  Glycymeris  s.s. 

Glycymeris  (Glycymeris)  rosecanyonensis 
Hanna,  1927 
Figure  90 

Glycymeris  rosecanyonensis  Hanna,  1927:273-274,  pi.  27, 
figs.  4-5,  9,  1 1.  Clark,  1929:pl.  6,  fig.  8.  Givens  and  Ken- 
nedy, 1979:tables  1,  3. 

Glycymeris  (Glycymeris)  rosecanyonensis  Hanna.  Givens, 
1974:42.  Moore,  1983:49-50,  pi.  19,  figs.  12-13.  Squires, 
1984:41,  fig.  10c. 

Glycymeris  (Glycymerita)  rosecanyonensis  Hanna.  Squires, 
1977:table  1. 

Primary  Type  Material.  UCMP  holotype  30989,  Ardath 
Shale,  UCMP  locality  3990. 

Molluscan  Stage  Range.  “Domengine”  through  “Transi- 
tion.” 

Geographic  Distribution.  San  Diego  through  Whitaker  Peak 
area,  southern  California. 

Local  Occurrence.  Turritella  uvasana  applinae  fauna,  Jun- 
cal Formation:  CSUN  locality  363.  Turritella  uvasana  ap- 
plinae fauna,  Matilija  Sandstone?:  CSUN  localities  237,  808. 
Remarks.  Only  a few  specimens  were  found  at  localities 
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363  and  808.  Abundant  specimens  were  found  at  locality 
237,  and  they  represent  a growth  series.  Only  single  valves 
were  found  at  all  localities,  and  preservation  is  good. 

Subgenus  Glycymerita  Finlay  and  Marwick,  1937 

Type  Species.  By  original  designation,  Glycymeris  concava 
Marshall,  1917. 

Glycymeris  {Glycymerita)  sagittata  (Gabb,  1 864) 

Figure  91 

Axinaea  (Limopsisl)  sagittata  Gabb,  1864:197-198,  pi.  31, 
figs.  267-267a. 

Glycimeris  hannibali  Dickerson,  1916:483,  pi.  36,  figs.  8a-b. 
Glycymeris  sagittatus  (Gabb).  Dickerson,  1916:pl.  36,  figs. 
5a-b. 

Glycymeris  sagittata  (Gabb).  Anderson  and  Hanna,  1925: 
181-182,  pi.  1,  fig.  6.  Stewart,  1930:71-73,  pi.  12,  fig.  10; 
1946:pl.  12,  fig.  3.  Yokes,  1939:45-46,  pi.  1,  figs.  18-20. 
Weaver,  1943:54-55,  pi.  9,  figs.  17-18;  pi.  11,  fig.  15. 
Kleinpell  and  Weaver,  1963:196-197,  pi.  28,  fig.  10;  pi. 
29,  figs.  1-2.  Demere,  Sundberg,  and  Schram,  1979:pl.  1, 
figs.  1-2. 

Glycimeris  sagittatus  (Gahh).  Turner,  1938:43-44,  pi.  6,  figs. 
1-3. 

Glycymeris  {Glycymerita)  sagittata  (Gabb).  Givens,  1974: 
42-43.  Squires,  1977:table  1;  1984:42,  fig.  lOd.  Moore, 
1983:54-55,  pi.  12,  fig.  17. 

Primary  Type  Material.  ANSP  lectotype  4422,  designated 
by  Stewart  (1930:72),  Tejon  Formation,  near  Fort  Tejon  (N 
'h  of  section  29,  T 10  N,  R 19  W,  Kern  County,  California). 

Molluscan  Stage  Range.  “Capay”  through  “Tejon,”  Oli- 
gocene?. 

Geographic  Distribution.  San  Diego,  California  through 
southwestern  Washington. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  359,  362?,  806,  807,  841. 
Turritella  uvasana  appUnae  fauna,  Juncal  Formation:  CSUN 
locality  363.  Turritella  uvasana  applinae  fauna,  Matilija 
Sandstone?:  CSUN  locality  237. 

Remarks.  At  all  the  localities,  except  237,  a few  specimens 
(less  than  five)  were  found.  At  locality  237,  ten  specimens 
were  found,  and  they  represent  a partial  growth  series  with 
specimens  ranging  in  height  from  10  to  20  mm.  Only  single 
valves  were  found  at  all  localities,  and  preservation  is  fair. 


Order  Mytiloida 
Superfamily  Mytilacea 
Family  Mytilidae  Rafinesque,  1815 
Genus  Brachidontes  Swainson,  1 840 

Type  Species.  By  monotypy,  Modiola  sulcata  Lamarck, 
1819  (not  1805)  [=Mytilus  citrinus  Roding,  1798,  =Arca 
modiolus  Tmne,  1767]. 


Subgenus  Brachidontes  s.s. 

Brachidontes  {Brachidontes)  cowlitzensis 
(Weaver  and  Palmer,  1922) 

Figure  92 

Modiola  ornata  Gabb,  1864:184-185,  pi.  24,  fig.  166. 

Not  Mytilus  ornatus  Orhigny,  1843:283,  pi.  342,  figs.  10-12. 
Modiolus  ornatus  Gabb.  Arnold,  1907:pl.  38,  fig.  4. 
Modiolus  (Brachydontes)  cowlitzensis  Weaver  and  Palmer, 
1922:16-17,  pi.  9,  fig.  19  [new  name  for  Modiola  ornata 
Gabb,  1864,  preoccupied]. 

Brachydontes  ornatus  (Gabb).  Anderson  and  Hanna,  1925: 
188,  pi.  3,  fig.  4. 

Modiolus  (Brachydontes)  ornatus  Gabb.  Clark  and  Wood- 
ford, 1927:89,  pi.  14,  fig.  10.  Clark,  1929:pl.  3,  fig.  6. 
Brachidontes  cowlitzensisi  (Weaver  and  Palmer).  Stewart, 
1930:100-103,  pi.  8,  fig.  12. 

Brachidontes  cowlitzensis  (Weaver  and  Palmer).  Turner,  1938: 
45-46,  pi.  6,  figs.  7-8.  Kleinpell  and  Weaver,  1963:197, 
pi.  29,  fig.  3.  Wolfe,  1977:3.  Givens  and  Kennedy,  1979: 
table  2. 

Volsella  (Brachidontes)  cowlitzensis  (Weaver  and  Palmer). 

Weaver,  1943:1 13-1 14,  pi.  26,  fig.  4. 

Brachidontes  (Brachidontes)  cowlitzensis  (Weaver  and  Palm- 
er). Givens,  1974:43.  Squires,  1977:table  1;  1984:42,  fig. 
lOe.  Moore,  1983:66-67,  pi.  17,  fig.  1. 

Primary  Type  Material.  ANSP  lectotype  4450  of  Modiola 
ornata  Gabb,  designated  by  Stewart  ( 1930: 101),  Domengine? 
Formation,  Martinez,  California.  CAS  holotype  7406  of  Mo- 
diolus  (Brachydontes)  ornatus  Weaver  and  Palmer,  Cowlitz 
Formation,  UW  locality  329. 

Molluscan  Stage  Range.  “Meganos”  through  lower  Oli- 
gocene  (Turritella  variata  lorenzana  Zone  of  Kleinpell  and 
Weaver,  1963). 

Geographic  Distribution.  San  Diego,  California  through 
Gulf  of  Alaska. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  358.  Turritella  uvasana  applinae 
fauna,  Matilija  Sandstone?:  CSUN  localities  237,  808? 

Remarks.  One  internal  mold  was  found  at  each  of  the 
localities.  An  additional  well-preserved  specimen  (Fig.  92) 
was  found  at  locality  237.  All  specimens  show  the  subter- 
minal beak  and  high  umbonal  fold  so  characteristic  of  this 
species. 

Genus  Sd/t/Z/pr  Recluz,  1848 

Type  Species.  By  subsequent  designation  (Stoliezka,  1871), 
Mytilus  bilocularis  Linne,  1758. 

Subgenus  Septifer  s.s. 

Septifer  {Septifer)  cf. 

S.  (.S'.)  elegans  Waring,  1917 

Figure  93 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  364,  813. 
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Remarks.  Seven  specimens  were  found  at  locality  364,  and 
one  specimen  was  found  at  locality  813.  All  the  specimens 
are  internal  molds  of  single  valves.  They  have  a subquadrate 
outline,  with  the  anterior  side  abruptly  truncated,  and  the 
rest  of  the  shell  is  broad,  moderately  convex,  and  covered 
with  strong  radial  ribs.  The  specimens  most  closely  resemble 
Septifer  (Septifer)  elegans  Waring  (1917:79,  pi.  14,  fig.  2; 
Moore,  1983:70,  pi.  18,  fig.  11)  from  Paleocene  and  possibly 
Eocene  strata,  Simi  Valley,  southern  California.  The  exact 
location  of  the  type  locality  of  S.  (S.)  elegans  is  unknown 
and  probably  never  will  be  known.  It  is  important  to  mention 
also  that  the  holotype  of  S.  (S.)  elegans  is  an  internal  mold. 

The  Whitaker  Peak  specimens  superficially  resemble 
Brachidontes  (Brachidontes)  cowlitzensis  (Weaver  and  Palm- 
er), but  they  lack  the  subterminal  beak  and  high  umbonal 
fold  so  characteristic  of  that  species. 

Order  Pterioida 
Suborder  Pteriina 
Superfamily  Pectinacea 
Family  Propeamussiidae  Abbott,  1954 

Propeamussiidae,  indet. 

Figure  94 

Local  Occurrence.  Turrit ella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  362. 

Remarks.  Only  a single  specimen  was  found,  and  it  is  a 
smooth  internal  mold  that  retains  no  shell.  Presumably,  it  is 
a right  valve.  The  posterior?  auricle  is  squarely  truncated. 
The  anterior?  auricle  is  incomplete.  Due  to  poor  preserva- 
tion, generic  identification  is  not  possible,  but  the  outline  of 
the  auricles  and  the  lack  of  any  trace  of  internal  ribs  suggest 
Cyclopecten.  Only  one  West  Coast  species,  Cyclopecten? 
martinezensis  (Gabb,  1869: 198,  pi.  33,  fig.  96;  Stewart,  1930: 
117-118,  pi.  7,  fig.  10;  Moore,  1984:8-9,  pi.  1,  figs.  9,  10) 
from  the  Paleocene  Martinez  Formation,  central  California, 
has  been  assigned  to  this  genus.  The  Whitaker  Peak  specimen 
is  similar  in  outline  but  shows  no  trace  of  the  fine  radial  ribs 
that  are  present  near  the  ventral  margin  on  the  internal  mold 
of  the  lectotype  of  C.  ? martinezensis. 

The  Whitaker  Peak  propeamussid  specimen  is  of  “Capay 
Stage”  age,  but  the  only  other  West  Coast  “Capay  Stage” 
propeamussid,  Propeamussium  interradiatum  (Gabb,  1869: 
199-200,  pi.  33,  fig.  98,  not?  fig.  98a)  from  the  Capay  and 
other  formations  of  central  California  (Moore,  1984),  has 
large  internal  radial  ribs.  See  Moore  (1984)  for  a discussion 
and  updated  synonymy  of  P.  interradiatum. 

Another  propeamussid  that  is  probably  about  the  same 
geologic  age  as  the  Whitaker  Peak  specimen  is  Parvamussium 
mideocenicum  (Yokes,  1939:55-56,  pi.  3,  figs.  2,  3,  not?  pi. 
3,  fig.  4;  Moore,  1984:9,  pi.  1,  fig.  11)  from  the  Cerros  Shale 
Member  of  the  Lodo  Formation,  UCMP  locality  1817,  cen- 
tral California.  See  “Remarks”  for  Turritella  andersoni  in 
this  present  report  for  a discussion  of  the  age  of  this  locality. 
Parvamussium  mideocenium  has  well-developed  internal  ribs; 


therefore,  it  is  distinctly  different  from  the  Whitaker  Peak 
specimen. 

The  classification  system  of  Waller  (1978)  is  used  for  the 
propeamussiid  rather  than  the  system  of  Hertlein  (1969), 
which  was  adopted  by  Yokes  ( 1 980).  Moore  ( 1 984)  also  used 
Waller’s  system  because  the  shell  microstructure  and  soft- 
part  anatomy  provide  ample  evidence  for  the  separation  of 
the  Propeamussiidae  from  the  Pectinidae. 

Family  Plicatulidae  Watson,  1930 
Genus  Plicatitla  Lamarck,  1 80 1 

Type  Species.  By  subsequent  designation  (Schmidt,  1818), 
Spondylus  plicatus  Linne,  1758. 

Plicatula  juncalensis  new  species 

Figures  95,  96 

Diagnosis.  Generic  assignment  based  on  ostreiform  shape, 
equivalved  and  inequilateral  shell,  attached  right  valve  (beak 
area),  short  hinge  with  two  small  teeth  on  each  side  of  a 
shallow  resilium  pit,  internally  tuberculate  valve  margins, 
and  external  ornamentation  of  bifurcating  radial  ribs.  Spe- 
cific assignment  based  on  scaly-nodose  secondary  radial  ribs 
in  interspaces  between  primary  radial  ribs. 

Plicatula  juncalensis  new  species  is  most  similar  to  Pli- 
catula parisiensis  Deshayes  (1864:87,  pi.  80,  figs.  5-7;  Coss- 
mann  and  Pissarro,  1904-1906:pl.  41,  fig.  133-6)  from  mid- 
dle and  upper  Eocene  strata  (Lutetian  and  Bartonian  stages) 
of  the  Paris  Basin,  France  (Chedeville,  1902:229).  According 
to  Chedeville  (1902:229),  P.  parisiensis  = P.  condylus  De- 
shayes (1864:88,  pi.  80,  figs.  11-13),  and  Cossmann  and 
Pissarro  (1904-1906:pl.  41,  fig.  133-6')  considered  P.  con- 
dylus to  be  a variety  of  P.  parisiensis.  Plicatula  juncalensis 
new  species  differs  from  examined  specimens  of  P.  parisiensis 
(regarded  as  synonymous  with  P.  condylus  in  this  present 
report)  in  the  following  features:  presence  of  scaly-nodose 
(beaded  appearance)  secondary  radial  ribs  in  interspaces  be- 
tween primary  radial  ribs,  less  elevated  primary  radial  ribs, 
four  more  primary  radial  ribs  on  right  valve,  and  absence  of 
spines  on  primary  radial  ribs  along  valve  margin. 

Plicatula  juncalensis  new  species  is  similar  to  Plicatula 
filamentosa  planata  Meyer  and  Aldrich  (1886:45,  pi.  2,  fig. 
20;  Dockery,  1980:pl.  23,  fig.  6;  pi.  48,  figs.  1-3)  from  middle 
Eocene  strata  of  Mississippi  and  Louisiana  (Palmer  and  Brann, 
1965).  Plicatula  juncalensis  differs  from  P.  filamentosa  pla- 
nata in  the  following  features:  shell  more  oblique,  unequal 
number  of  primary  radial  ribs,  and  an  absence  of  spines. 

Plicatula  ostreiformis  Stanton  (1896:1038,  pi.  63,  figs.  5, 
6)  is  the  only  other  reported  species  of  Plicatula  from  the 
West  Coast  Tertiary,  and  it  is  from  Paleocene  strata  of  Lake 
County,  northern  California.  Plicatula  juncalensis  new  species 
differs  greatly  from  P.  ostreiformis  in  the  following  features: 
shell  more  oblique  and  not  as  thick  or  as  large,  left  valve  not 
concave  in  the  middle,  and  sculpture  much  more  strongly 
developed. 

Description.  Shell  small,  ostreiform,  slightly  oblique,  in- 
equilateral, and  equivalved  with  same  degree  of  convexity. 
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Valve  margins  plicate,  no  byssal  sinus.  Right  valve  shows 
small  area  of  attachment  in  dorsal-posterior  beak  region.  Left 
valve  has  an  inflated  beak  with  prominent  callosity.  Shell 
sculpture  of  closely  spaced  primary  radial  ribs  (some  bifur- 
cate) with  up  to  five  intervening  secondary  ribs.  Right  valve 
with  up  to  24  primary  radial  ribs  (includes  bifurcating  ribs). 
Left  valve  with  up  to  17  primary  radial  ribs  (includes  bifur- 
cating ribs).  Primary  ribs  commarginally  lamellose,  and  sec- 
ondary radial  ribs  commarginally  scaly  and/or  noded  (i.e., 
beaded  appearance). 

Hinge  short,  valves  with  two  small  teeth  on  each  side  of 
a shallow  resilium  pit.  Widely  spaced  tubercles  along  valve 
margin  interiors  near  hinge. 

Length  of  holotype  (complete)  15  mm,  height  (complete) 
18.5  mm. 

Primary  Type  Material.  LACMIP  holotype  7513,  Juncal 
Formation,  CSLJN  locality  362. 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Whitaker  Peak  area,  southern 
California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  362,  830. 

Remarks.  Twenty-one  specimens  were  found.  All  but  one 
are  from  locality  830.  Four  specimens  are  articulated,  and 
nearly  all  the  others  are  left  valves.  The  holotype  (Figs.  95, 
96)  is  the  largest  and  best  preserved  specimen.  At  locality 
830,  the  specimens  are  poorly  preserved.  Internal  details  are 
difficult  to  study  due  to  the  well-indurated  nature  of  the 
matrix. 

Plicatula  ranges  from  Middle  Triassic  (Ladinian  Stage) 
through  Holocene  (Cox  and  Hertlein,  1969;  Davies,  1971). 
West  Coast  Cretaceous  species  (Anderson,  1938)  are  mark- 
edly different  than  P.  juncalensis  new  species  as  is  the  only 
reported  West  Coast  Paleocene  species;  namely,  P.  ostrei- 
forniis  Stanton  ( 1 896)  from  “Martinez  Stage”  strata  in  north- 
ern California.  Plicatula  juncalensis  is  the  first  described 
species  of  Plicatula  from  the  West  Coast  Eocene.  Page,  Marks, 
and  Walker  (1951:1754)  and  Dibblee  (1966:24)  noted  Pli- 
catula sp.  from  the  basal  calcareous  sandstone  bed  in  the 
lower  shale  strata  of  the  lower  Eocene  Juncal  Formation  at 
the  type  section  of  that  formation  east  of  Agua  Caliente  Can- 
yon, central  Santa  Ynez  Mountains,  Santa  Barbara  County, 
California.  According  to  Dibblee  ( 1 966),  this  bed  is  probably 
equivalent  to  the  Sierra  Blanca  Limestone.  Van  de  Kamp  et 
al.  ( 1 974)  assigned  the  Sierra  Blanca  Limestone  to  early  Eocene 
time.  An  attempt  to  find  the  specimen(s)  in  the  Stanford 
University  collections,  now  at  the  California  Academy  of 
Sciences,  was  unsuccessful. 

Etymology.  The  species  is  named  for  the  Juncal  Formation. 

Suborder  Ostreina 
Superfamily  Ostreacea 
Family  Ostreidae  Ralinesque,  1815 
Subfamily  Ostreinae  Rafinesque,  1815 
Genus  Ostrea  Linne,  1758 


Type  Species.  By  subsequent  designation  (ICZN  opin.  94 
and  356).  Ostrea  edulis  Linne,  1758. 


Ostrea  haleyi  Hertlein,  1933 

Figure  97 

Ostrea  haleyi  Hertlein,  1933:277-281,  pi.  18,  figs.  5-6.  Zins- 
meister,  1983b:  1286-1287. 

Odontogryphaeal  haleyi  (Hertlein).  Givens,  1974:45,  pi.  1, 
figs.  1 1-13.  Squires  and  Advocate,  1986:852. 

Primary  Type  Material.  CAS  holotype  5526,  SDNHM 
plastoholotype  426,  SDNHM  paratype  427,  Domengine  For- 
mation, Canada  del  Pozo,  Santa  Cruz  Island,  Santa  Barbara 
County,  California. 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Orocopia  Mountains,  Riverside 
County,  through  Transverse  Ranges,  southern  California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  362,  818,  819,  827,  845. 

Remarks.  Six  specimens  were  found  at  locality  845,  and 
one  to  two  specimens  were  found  at  the  other  localities.  All 
the  specimens  consist  of  fragmental  gryphaeoid-shaped  left 
valves.  Those  at  locality  845  are  less  inflated  than  elsewhere. 
None  of  the  specimens  at  any  locality  shows  any  indication 
of  the  presence  of  a terebratuloid  fold  in  the  valve  commis- 
sure, which  is  characteristic  of  the  genus  Odontogryphaea. 
Until  specimens  are  found  that  prove  that  this  species  be- 
longs to  Odontogryphaea.  it  seems  best  to  follow  the  work 
of  Zinsmeister  (1983b)  and  reassign  this  species  to  Ostrea. 
Zinsmeister  (1983b),  furthermore,  suggested  that  the  late  Pa- 
leocene Ostrea  simiensis  Zinsmeister  from  Simi  Valley, 
southern  California,  might  be  ancestral  to  the  Eocene  Ostrea 
haleyi  Hertlein. 


Ostrea  stewarti  Hanna,  1927 

Figure  98 

Ostrea  stewarti  Hanna,  1927:276,  pi.  28,  fig.  1;  pi.  29,  fig.  3, 

pi.  30,  fig.  3.  Squires,  1977:table  1. 

Primary  Type  Material.  UCMP  syntypes  30921-30922, 
Ardath  Shale,  UCMP  locality  5062. 

Molluscan  Stage  Range.  “Domengine.” 

Geographic  Distribution.  San  Diego  through  Whitaker  Peak 
area,  southern  California. 

Local  Occurrence.  Turritella  uvasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  localities  28,  8 1 , 2 1 4,  2 1 6,  220,  246. 

Remarks.  Abundant  disarticulated  specimens  of  O.  ste- 
warti were  essentially  the  only  fossils  found  at  localities  28, 
81,  214,  and  220.  As  noted  in  Squires  (1977),  all  of  the 
specimens  from  these  localities  occur  as  float  material,  but 
the  specimens  are  too  abundant,  too  well  preserved,  and  too 
predictable  in  their  occurrence  to  have  been  derived  from 
another  rock  unit.  A single,  large  (length  97  mm),  complete 
specimen  of  O.  stewarti  was  the  only  fossil  found  at  locality 
216. 
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This  species,  which  can  be  large,  is  characterized  by  thick 
valves  (especially  the  left  or  lower  valve),  fairly  straight  beaks, 
a nearly  central  adductor  muscle  scar  that  is  circular  to  sub- 
circular  in  shape,  left-valve  hinge  with  an  elongate  central 
depression  flanked  by  two  raised  ridges,  and  a right-valve 
hinge  with  an  elongate  central  resilifer  flanked  by  two  grooves. 

Prior  to  the  report  (Squires,  1 977)  of  Ostrea  stewarti  in  the 
Whitaker  Peak  area,  this  species  had  only  been  reported  from 
the  San  Diego  area  (Hanna,  1927). 

Ostrea  cf.  O.  stewarti  Hanna,  1927 

Figure  99 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  360,  364. 

Remarks.  Several  large  fragments  (up  to  90  mm  height)  of 
thick-walled  valves  (up  to  25  mm)  were  found  at  locality 
364.  Only  one  fragment  was  found  at  locality  360.  Due  to 
the  fragmentary  nature  of  the  specimens,  a positive  species 
identification  could  not  be  made.  The  specimens  resemble 
O.  stewarti  in  their  large  size  and  very  thick  walls.  The  only 
specimen  that  shows  the  ligamental  area  is  illustrated  in  Fig- 
ure 99.  This  specimen  is  presumably  a left  valve  with  a very 
massive  and  nearly  flattened  ligamental  area.  There  is  only 
a slight  depression  in  the  central  area.  If,  upon  future  col- 
lecting, these  specimens  prove  to  be  O.  stewarti,  they  would 
extend  the  molluscan  stage  range  of  this  species  into  the 
“Capay  Stage.” 

Subclass  Heterodonta 
Order  Veneroida 
Superfamily  Lucinacea 
Family  Lucinidae  Fleming,  1828 
Subfamily  Milthinae  Chavan,  1969 
Genus  Miltha  H.  and  A.  Adams,  1857 

Type  Species.  By  original  designation,  Lucina  childreni 
Gray,  1825. 

Miltha  packi  (Dickerson,  1916) 

Figure  100 

Lucina  packi  Dickerson,  1916:484,  pi.  36,  fig.  12.  Turner, 
1938:52,  pi.  9,  fig.  11.  Weaver,  1943:147,  pi.  34,  fig.  19, 
pi.  38,  fig.  13. 

Miltha  (Eomilthal)  packi  (Dickerson).  Yokes,  1939:72,  pi. 
10,  figs.  8,  12. 

Miltha  packi  (Dickerson).  Yokes,  1969:1  13.  Givens  and 
Kennedy,  1979:table  3.  Demere,  Sundberg,  and  Schram, 
1979:pi.  1,  figs.  10-1 1. 

Primary  Type  Material.  UCMP  holotype  1 1787,  Domen- 
gine  Formation,  UCMP  locality  672. 

Molluscan  Stage  Range.  “Capay”  through  “Tejon.” 


Geographic  Distribution.  San  Diego,  California  through 
southwestern  Oregon. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  362,  805,  806,  830,  844, 
845?,  850. 

Remarks.  This  species  is  uncommon,  but  not  rare,  in  the 
Whitaker  Peak  area.  It  is  confined  to  Turritella  uvasana  in- 
fera-fauna  strata  between  Sharps  Canyon  and  Canton  Can- 
yon. Only  one  or  two  specimens  were  found  at  each  locality 
where  it  occurs,  and  nearly  all  the  specimens  are  large  to  very 
large  in  size  (39  to  1 1 5 mm  height).  The  specimens  are  nearly 
all  articulated  and  show  poor  to  fair  preservation,  except  at 
localities  806  and  830  where  there  are  large  fragments  of  the 
shell  surrounded  by  much  carbonized  wood.  The  smallest 
(single  valve)  and  largest  (articulated)  specimens  were  found 
at  locality  358. 

Dickerson’s  (1916)  type  is  an  immature  specimen  (8  mm 
height),  as  noted  by  Yokes  ( 1 939).  The  Whitaker  Peak  spec- 
imens, therefore,  agree  more  with  Turner’s  (1938)  illustration 
and  Yokes’  ( 1 939)  description  of  adult  specimens.  The  Whit- 
aker Peak  adult  specimen  is  characterized  by  mostly  large 
circular  valves  with  fine  commarginal  ribbing  with  areas  where 
the  ornamentation  can  be  faint,  nearly  central  prosogyrous 
beaks,  and  two  shallow  posterior  grooves  parallel  to  and  just 
below  the  posterior  margin.  The  smaller  specimens  have  the 
coarsest  commarginal  ribbing.  Yokes  (1939)  mentioned  that 
his  Coalinga,  California,  specimens  have  two  posterior 
grooves,  as  well  as  an  anterior  groove.  Turner’s  (1938:pl.  9, 
fig.  11)  illustration  of  a Llajas  Formation,  Simi  Yalley,  south- 
ern California,  specimen  also  shows  two  posterior  grooves. 
In  most  of  the  Whitaker  Peak  specimens  there  is  a problem 
with  preservation,  and  usually  only  one  posterior  groove  and 
only  a very  faint  hint  of  an  anterior  groove  are  present,  as 
in  the  case  of  the  specimen  illustrated  in  Figure  100. 

A few  left  valves  of  the  Whitaker  Peak  specimens  show 
poorly  preserved  hinge-line  details.  There  are  two  small  car- 
dinal teeth  and  a large  nymph.  There  is  also  a fairly  deep 
groove  on  the  inner  surface  of  these  valves  that  extends  from 
the  middle  of  the  dorsal  posterior  region  to  the  anterior  ven- 
tral region.  These  features  have  been  illustrated  by  Yokes 
(1939:pl.  10,  fig.  12). 

Yokes  (1939)  assigned  this  species  to  Miltha  (Eomilthal). 
The  species  does  agree  closely  with  the  diagnosis  of  genus 
Miltha  given  by  Bretsky  (1976:239).  Although  the  Whitaker 
Peak  specimens  are  relatively  poorly  preserved,  they  show 
no  features  that  counter  an  assignment  to  Miltha.  Assignment 
to  Eomiltha,  however,  does  not  seem  justified  because  ac- 
cording to  Bretsky  (1976)  Eomiltha  is  elongate  anteropos- 
teriorly,  has  a short  ligament,  and  seemingly  has  three  car- 
dinal teeth.  None  of  these  features  is  present  on  the  West 
Coast  specimens  of  Miltha  packi  that  show  the  hinge  line. 
Assignment  of  Miltha  packi  to  any  subgenus  seems  inappro- 
priate at  this  time,  until  better  preserved  specimens  are  found 
that  show  anterior  muscle  scars,  lunule  areas,  and  ventral 
internal  margins. 

Previously,  this  species  had  not  been  reported  with  cer- 
tainty as  ranging  into  the  “Capay  Stage.”  Givens  ( 1 974:table 
1)  reported  large,  poorly  preserved  specimens  of  Miltha  cf 
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Figures  100-111.  Whitaker  Peak  area  Eocene  bivalves.  100.  Miltha  packi  (Dickerson,  1916),  left  valve,  xO.8,  length  76  mm,  height  68  mm, 
LACMIP  hypotype  7571,  CSUN  loc.  362.  101-102.  Claibornites  diegoensis  (Dickerson,  1916).  101.  Left  valve,  x 1,  length  34  mm,  height  37 
mm,  LACMIP  hypotype  7518,  CSUN  loc.  358.  102.  Right  valve  hinge  line,  x2.2,  length  29  mm,  height  4 mm,  LACMIP  hypotype  59281 
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M.  packi  (Dickerson)  from  “Capay”  through  “Transition” 
“stages”  in  the  Pine  Mountain  area,  southern  California. 

Claibornites  diegoensis  (Dickerson,  1916) 

Figures  101,  102 

Lucina  diegoensis  Dickerson,  1916:484,  pi.  37,  figs.  la-b. 
Claibornites  diegoensis  (Dickerson).  Givens,  1974:45-46,  pi. 

1,  fig.  15.  Squires,  1984:45,  fig.  10m. 

Primary  Type  Material.  UCMP  holotype  1 1788,  Ardath 
Shale,  UCMP  locality  2226. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 

Genus  Claibornites  Stewart,  1930 

Type  Species.  By  original  designation,  Lucina  rotunda  Lea, 
1833. 

Geographic  Distribution.  San  Diego  through  Pine  Moun- 
tain area,  southern  California. 

Local  Occurrence.  Turrit ella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  358. 

Remarks.  Only  a single  valve  was  found.  This  species  is 
characterized  by  an  orbicular-shaped  shell  with  central  prom- 
inent beaks,  a feeble  umbonal  groove  in  the  dorsal  posterior 
region,  and  fairly  strong,  very  closely  spaced  commarginal 
ribbing.  The  hinge  line,  which  is  illustrated  for  the  first  time 
in  Figure  1 02,  is  that  of  a right-valve  hinge  line  on  a specimen 
(UCLA  hypotype  52981)  from  CSUN  locality  374,  from  the 
“Domengine  Stage”  portion  of  the  Llajas  Formation,  Simi 
Valley,  southern  California  (Squires,  1984:45,  fig.  10m).  The 
hinge  has  two  narrow  cardinals  in  each  valve  with  the  right 
posteriormost  one  slightly  bifid.  A single  anterior  and  no 
(obsolete?)  posterior  lateral  teeth  were  observed  in  the  better 
preserved  right-valve  specimen.  Two  poorly  preserved  an- 
terior lateral  teeth  were  observed  in  the  left  valve.  The  lig- 
ament groove  is  wide  and  deeply  inset  in  the  right  valve  and 
narrow  in  the  left  valve.  The  nymph  in  the  left  valve  is  very 
thick  and  swollen  laterally.  It  must  take  up  a large  portion 
of  the  ligament  groove  area  of  the  right  valve  when  the  valves 
are  together. 

Based  on  figures  only,  Stewart  (1930:184)  tentatively  as- 
signed Lucina  diegoensis  Dickerson  to  Claibornites.  Accord- 
ing to  Bretsky  (1976:287),  the  shell  interior  of  this  species 
was  unknown  to  Stewart  ( 1 930).  Givens  ( 1 974:45-46)  made 
Stewart’s  assignment  definite. 


Previously,  this  species  had  not  been  reported  as  ranging 
into  the  “Capay  Stage.” 

Family  Fimbriidae  Nicol,  1950 
Genus  Fimbria  Megerle,  1811 

Type  Species.  By  original  designation.  Fimbria  magna 
Megerle,  1811  [=  Venus  fiinbriata  Linne,  1758]. 

Fimbria  new  species? 

Figure  103 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  830. 

Remarks.  Only  one  specimen  was  found,  and  it  is  an  in- 
complete left  valve.  Preservation  is  poor  to  fair.  Hinge-line 
details  are  very  poorly  preserved.  This  specimen  has  a prom- 
inent cancellate  sculpture  pattern  except  in  the  middle  por- 
tion of  the  shell.  Its  absence  there  may  be  due  to  poor  pres- 
ervation. Due  to  the  poor  preservation  and  incompleteness, 
a specific  identification  cannot  be  made  at  this  time.  The 
specimen  may  be  a new  species,  as  Fimbria  [=Corbis]  is  rare 
in  West  Coast  strata,  and  this  specimen  is  unlike  any  de- 
scribed West  Coast  species. 

Three  specimens  of  Fimbria  new  species  were  reported  by 
Dawson  (1978:54-55,  pi.  1,  Figs.  15-17)  from  the  Upper 
Cretaceous  (Maestrichtian)  Cabrillo  Formation,  San  Diego, 
California.  Fimbria  new  species?  from  the  Whitaker  Peak 
area  is  more  inequilateral  and  has  much  stronger  radial  and 
commarginal  ribs  than  the  Fibria  from  the  Cabrillo  For- 
mation. 

Nelson  (1925:402)  and  Davies  (1975:157)  mentioned  that 
Fimbria  occurs  with  Velates  in  the  upper  part  (“Meganos 
Stage”)  of  the  Santa  Susana  Formation,  Simi  Valley,  southern 
California.  These  strata  are  latest  Paleocene/early  Eocene  in 
age  (Filewicz  and  Hill,  1983).  Saul  (pers.  commun.)  has  seen 
these  specimens,  but  an  attempt  by  the  author  to  find  them 
in  the  UCMP  collections  was  unsuccessful. 

Page,  Marks,  and  Walker  (1951:1754)  and  Dibblee  (1966: 
24)  reported  Fimbria  sp.  from  the  basal  calcareous  sandstone 
bed  in  the  lower  shale  strata  of  the  lower  Eocene  Juncal 
Formation  at  the  type  section  area  of  that  formation  east  of 
Agua  Caliente  Canyon,  central  Santa  Ynez  Mountains,  Santa 
Barbara  County,  California.  According  to  Dibblee  (1966), 


(formerly  UCLA  hypotype  59281),  CSUN  loc.  374  (Llajas  Formation,  Simi  Valley,  California).  103.  Fimbria  new  species?,  left  valve,  x 1, 
length  45  mm,  height  40  mm,  LACMIP  hypotype  7519,  CSUN  loc.  830.  104-106.  Chama  piruensis  new  species.  All  parts  left  valves.  104. 
X 1.7,  length  34  mm,  height  33  mm,  LACMIP  holotype  7520,  CSUN  loc.  822.  105.  Juvenile,  x2,  length  16.5  mm,  height  17  mm,  LACMIP 
paratype  7521,  CSUN  loc.  834. 106.  Hinge  line,  x 1 .9,  length  24  mm,  height  19  mm,  LACMIP  para  type  7522,  CSUN  loc.  844. 107.  Venericardia 
(Pacificor)  hornii  hitmani  Turner,  1938,  left  valve,  xO.8,  length  76  mm,  height  82  mm,  LACMIP  hypotype  7524,  CSUN  loc.  824.  108. 
Venericardia  (Pacificor)  aragoma  joaqiiinensis  (Vokes,  1939),  right  valve,  x 1.6,  length  22,  height  25,  LACMIP  hypotype  7525,  CSUN  loc. 
815.  109.  Glyptoactis  (Glyptoactis)  domenginica  (Vokes,  1939),  right  valve,  x4,  length  9 mm,  height  9 mm,  LACMIP  hypotype  7526,  CSUN 
828.  110.  Glyptoactis  (Claibornicardia)  sandiegoensis  (Hanna,  1927),  left  valve,  x 1.6,  length  22  mm,  height  25  mm,  LACMIP  hypotype  7527, 
CSUN  loc.  844.  111.  Crassatella  uvasana  Conrad,  1855,  left  valve,  xO.8,  length  89  mm,  height  90  mm,  LACMIP  hypotype  7528,  CSUN  loc. 
237. 
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this  bed  is  probably  equivalent  to  the  Sierra  Blanca  Lime- 
stone. Van  de  Kamp  et  al.  (1974)  assigned  the  Sierra  Blanca 
Limestone  to  early  Eocene  time.  An  attempt  to  find  the  spec- 
imen(s)  in  the  Stanford  University  collections,  now  at  the 
California  Academy  of  Sciences,  was  also  unsuccessful. 

Fimbria  new  species  from  the  Whitaker  Peak  area  is  very 
different  from  the  only  described  Eocene  species  of  Fimbria 
from  the  West  Coast;  namely.  Fimbria  mclellani  (Hanna, 
1927:283,  pi.  37,  figs.  3-6)  from  middle  Eocene  strata,  San 
Diego,  California.  Fimbria  mclellani  is  a very  small  species 
with  ten,  widely  spaced,  very  prominent  and  sharp  corn- 
marginal  ribs. 

Fimbria  new  species?  from  the  Whitaker  Peak  area  is  very 
similar  to  Fimbria  olssoni  Richards  and  Palmer  (1953:51, 
pi.  11,  fig.  1)  from  the  upper  middle  Eocene  Avon  Park 
Limestone,  Elorida.  This  similarity  is  striking,  and  it  may  be 
that  the  two  are  conspecific.  Complete  specimens  of  F.  new 
species?  will  be  necessary  before  this  determination  can  be 
made  satisfactorily. 

Fimbria  new  species?  from  the  Whitaker  Peak  area  is  also 
similar  to  Fimbria  jamaicensis  (Trechmann,  1923:364,  pi. 
18,  fig.  5)  from  the  middle  Eocene  Yellow  Limestone,  Ja- 
maica. Fimbria  new  species?,  however,  has  stronger  radial 
ribs  on  the  ventral  margin. 

Superfamily  Chamacea 
Family  Chamidae  Lamarck,  1809 
Genus  Cliama  Linne,  1758 

Type  Species.  By  subsequent  designation  (Schmidt,  1818), 
Chama  lazarus  Linne,  1758. 

Chama  pimensis  new  species 

Figures  104-106 

Diagnosis.  Generic  assignment  based  on  spirally  coiled, 
inflated  left  valve,  prosogyrate,  ligament  external,  anterior 
cardinal  large  and  solid,  posterior  cardinal  slender,  long,  and 
curved.  Ornament  commarginal  and  irregularly  lamellate. 
Specific  assignment  based  on  strongly  spirally  coiled,  very 
elongate  left  valve  covered  with  irregularly  spaced  commar- 
ginal lamellae. 

Chama  piruensis  new  species  is  similar  to  Chama  calcarata 
Lamarck  (1806:349;  1 809:pl.  23,  figs.  4a,  b;  Deshayes,  1825: 
246-247,  pi.  38,  figs.  5-7;  1860:583;  Wood,  1871:172-173, 
pi.  25,  figs,  la-c;  Chedeville,  1901:122;  Cossmann  and  Pis- 
sarro, 1904-1906:pl.  20,  fig.  76-5;  Kennedy,  Morris,  and 
Taylor,  1970:390,  pi.  72,  figs.  2a,  b;  Pomerol  and  Feugueur, 
1 974:pl.  8,  fig.  4)  from  middle  and  upper  Eocene  strata  (Lute- 
tian and  Bartonian  stages)  of  the  Anglo-Paris  Basin.  Chama 
piruensis  differs  from  several  examined  left  valves  of  C.  cal- 
carata in  the  following  features:  less  inflated  middle  portion 
of  the  valve,  more  irregularly  spaced  commarginal  lamellae, 
and  absence  of  radial  ribs.  In  addition,  C.  piruensis  shows 
no  tendency  for  development  of  spines  on  the  commarginal 
lamellae  along  margins  of  the  left  valve.  The  lack  of  such 
spines  on  C.  piruensis,  however,  may  be  due  to  poor  pres- 


ervation. Presence  of  such  spines  is  not  a constant  feature  of 
C.  calcarata.  based  on  an  examination  of  specimens  from 
the  Los  Angeles  County  Museum  collection. 

Description.  Young  individuals  (up  to  20  mm  height)  are 
nearly  equivalved  and  circular,  with  left  valve  somewhat 
more  inflated.  No  attachment  scar  visible.  Prosogyrate  beaks 
opposite  each  other,  lunule  moderately  well  defined.  Com- 
marginal lamellae  are  widely  but  irregularly  spaced  (approx- 
imately 3 to  7 mm  apart),  and  on  right  valve  numerous  very 
fine  commarginal  threads  occur  between  these  lamellae. 

Only  left  valves  of  adult  specimens  were  found.  Left  valve 
strongly  spirally  coiled,  inflated,  and  very  elongate.  No  at- 
tachment scar  visible.  Beak  prosogyrate.  Ligamental  area  ex- 
ternal, opisthodetic,  long,  and  moderately  grooved.  Anterior 
cardinal  large  and  solid;  posterior  cardinal  slender,  long,  and 
curved.  Ornament  commarginal  and  very  irregularly  lamel- 
late. Lamellae  usually  2 to  3 mm  apart  but  can  be  up  to  5 
mm.  Length  of  holotype  (incomplete)  34  mm,  height  (in- 
complete) 33  mm. 

Primary  Type  Material.  LACMIP  holotype  7520,  CSUN 
locality  844;  LACMIP  paratype  7521,  CSUN  locality  844; 
LACMIP  paratype  7522,  CSUN  locality  834;  LACMIP  para- 
type 7523,  CSUN  locality  822;  all  from  Juncal  Formation. 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Whitaker  Peak  area,  southern 
California. 

Local  Occurrence.  Turrit ella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  822,  831,  834,  844,  845. 

Remarks.  Specimens  of  this  new  species  are  fairly  uncom- 
mon in  the  Whitaker  Peak  section.  Only  16  specimens  were 
found  and  1 2 are  small  fragments.  Ten  specimens  were  found 
at  locality  844,  three  at  locality  822,  and  one  at  each  of  the 
other  localities.  Preservation  is  fair  but  the  siltstone  matrix 
adheres  strongly  to  the  specimens.  At  locality  844,  the  spec- 
imens were  found  in  close  proximity  to  the  coral  Astrocoenia 
new  species?  aff.  A.  portoricoensis. 

Chama  ranges  from  Late  Cretaceous  (Cenomanian)  through 
Holocene.  The  first  authenticated  Chama  is  from  Austria. 
Little  is  known  of  Chama  in  Paleocene  strata,  but  it  becomes 
much  more  common  in  the  Eocene  with  numerous  species, 
especially  in  the  Anglo-Paris  Basin  (Kennedy,  Morris,  and 
Taylor,  1970;  Bernard,  1976). 

Palmer  and  Brann  (1965)  recorded  one  species  of  Chama 
from  Paleocene  strata  of  Georgia,  three  species  from  middle 
Eocene  strata  of  Mississippi  and  Alabama,  and  four  species 
from  upper  Eocene  strata  of  the  southeastern  United  States. 
Prior  to  the  discovery  of  C.  piruensis  new  species,  the  earliest 
known  occurrence  of  Chama  on  the  West  Coast  of  North 
America  was  Chama  new  species  Loel  and  Corey,  1932,  from 
the  upper  Oligocene  through  lower  Miocene  Vaqueros  For- 
mation, at  Torrey  Canyon,  Oak  Ridge,  southern  California. 
Chama  piruensis  new  species,  therefore,  extends  the  earliest 
occurrence  of  Chama  on  the  West  Coast  to  the  early  Eocene. 

The  work  by  Kennedy,  Morris,  and  Taylor  (1970)  shows 
that  the  superfamily  Chamacea  can  be  considered  now  as  a 
homogeneous  group,  distinct  from  other  cemented  bivalves 
such  as  the  rudists  and  certain  pandoraceans.  Subgenera  pro- 
posed by  Keen  (1969)  for  Chama,  such  as  Cipliacella  and 
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Psilopus,  are  not  recognized  in  this  present  report  because 
according  to  Bernard  (1976)  such  subgenera  are  based  upon 
minor  variations  not  significant  above  the  species  level. 

Etymology.  The  species  is  named  for  Piru  Creek,  southern 
California. 

Superfamily  Carditacea 
Family  Carditidae  Fleming,  1820 
Subfamily  Venericardiinae  Chavan,  1969 
Genus  Venericardia  Lamarck,  1801 

Type  Species.  By  subsequent  designation  (Schmidt,  1818), 
Venericardia  imbricata  Lamarck,  1801. 

Subgenus  Pacificor  Verastegui,  1953 

Type  Species.  By  original  designation,  T'enericardia  {Pa- 
cificor) mulleri  Verastegui,  1953. 

Venericardia  {Pacificor)  hornii  lutmani 
Turner,  1938 

Figure  107 

Venericardia  hornii  lutmani  Turner,  1938:50,  pi.  13,  fig.  4; 

pi.  14,  fig.  2.  Weaver,  1943:135,  pi.  28,  fig.  1;  pi.  32,  fig.  1. 
Venericardia  (Pacificor)  lutmani  Turner.  Verastegui,  1953: 

26-27,  pi.  7,  figs.  3-5;  pi.  8,  fig.  8. 

Venericardia  (Pacificor)  hornii  lutmani  Turner.  Givens,  1974: 

47,  pi.  1,  fig.  16;  pi.  2,  fig.  8.  Saul,  1983:pl.  2,  fig.  6. 

Primary  Type  Material.  UCMP  holotype  33133,  UCMP 
locality  A- 1233;  UCMP  paratype  33134,  UCMP  locality  A- 
1 173,  lower  Umpqua  Formation. 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Whitaker  Peak  and  Pine  Moun- 
tain areas,  southern  California  through  southwestern  Oregon. 

Local  Occurrence.  Turrit ella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  824,  846? 

Remarks.  Only  one  specimen  of  this  taxon  that  could  be 
positively  identified  was  found  in  the  Whitaker  Peak  section. 
It  is  large  (height  82  mm),  articulated,  and  fairly  well  pre- 
served. Five  small,  disarticulated  specimens  were  found  at 
locality  846.  They  are  internal  molds  that  show  about  30 
radial  ribs  on  each  valve.  According  to  Givens  (1974),  this 
species  is  distinguished  by  27  to  30  radial  ribs. 

Although  Turner  (1938)  and  Verastegui  (1953)  reported 
this  species  from  the  upper  Paleocene  “Santa  Susana  Shale” 
in  Simi  Valley,  southern  California,  Saul  (1983)  reported  that 
Turner’s  ( 1 938:50)  V.  hornii  lutmani  from  the  “Santa  Susana 
Shale”  is  undoubtedly  V.  (P.)  hornii  susanaensis  Verastegui 
(1953:22-23),  pi.  5,  figs.  1-4).  Venericardia  (P.)  hornii  lut- 
mani Turner  has  not  been  found  in  Simi  Valley  (Saul,  1983). 

Venericardia  (Pacificor)  aragonia  joaqiiinensis 
(Yokes,  1939) 

Figure  108 

Venericardia  aragonia  var.  Turner,  1938:49,  pi.  13,  figs. 

6-9. 


Megacardita  (Venericor)  hornii  joaquinensis  Vokes,  1939: 

69-70,  pi.  8,  figs.  1-2;  pi.  9,  figs.  1-2. 

Venericardia  (Leuroactis)  schencki  Verastegui,  1953:50-51, 
pi.  4,  figs.  6-8. 

Venericardia  (Leuroactis)  alisoensis  Verastegui,  1953:52-53, 
pi.  10,  figs.  1-3. 

Venericardia  (Leuroactis)  joaquinensis  (Vokes).  Verastegui, 
1953:60-61,  pi.  11,  figs.  1-4;  pi.  12,  figs.  4-6. 
Venericardia  (Leuroactis)  vokesi  Verastegui,  1953:61-62,  pi. 
14,  figs.  1-3. 

Venericardia  (Pacificor)  aragonia  joaquinensis  (Vokes).  Saul, 
1983:pl.  2,  figs.  7-8.  Squires,  1984:46,  fig.  lOp. 

Primary  Type  Material.  UCMP  holotype  15616,  UCMP 
locality  4170;  UCMP  paratype  15617,  UCMP  locality  4 1 69; 
UCMP  paratype  15618,  UCMP  locality  A-8 1 9;  all  from  Av- 
enal  Formation. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  Simi  Valley,  southern  California 
through  central  California. 

Local  Occurrence.  Turrit  ella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  803,  806,  813,  815.  Turritella 
uvasana  applinae  fauna,  Juncal  Formation:  CSUN  locality 
828? 

Remarks.  About  seven  small,  disarticulated  specimens  were 
found  at  each  locality,  except  at  localities  8 1 5 and  828  where 
only  single  specimens  were  found.  Preservation  is  poor  with 
internal  molds  common.  This  subspecies  is  characterized  by 
the  presence  of  about  2 1 radial  ribs. 

The  presence  of  V (P.)  aragonia  joaquinensis  in  the  Tur- 
ritella uvasana  infera  fauna  of  the  Whitaker  Peak  section 
extends  the  molluscan  stage  range  of  this  subspecies  into  the 
“Capay  Stage”  proper.  Previously,  the  lower  range  limit  had 
been  known  to  be  uppermost  “Capay”  (Saul,  1983;  Squires, 
1984). 

Subfamily  Carditesinae  Chavan,  1969 
Genus  Glyptoactis  Stewart,  1930 

Type  Species.  By  original  designation,  Venericardia  hadra 
Dali,  1903. 

Subgenus  Glyptoactis  s.s. 

Glyptoactis  (Glyptoactis)  domenginica 
(Vokes,  1939) 

Figure  109 

Venericardia  (Glyptoactisl)  domenginica  Vokes,  1939:66,  pi. 
5,  figs.  7-9. 

Venericardia  (Glyptoactis)  domenginica  Vokes.  Verastegui, 
1953:43-44,  pi.  13,  fig.  1. 

Glyptoactis  domenginica  (Vokes).  Givens,  1974:47.  Squires, 
1977:table  1.  Givens  and  Kennedy,  1979:tables  1,  3. 
Glyptoactis  (Glyptoactis)  domenginica  (Vokes).  Squires,  1984: 
46-47,  figs.  lOr-q. 

Primary  Type  Material.  UCMP  holotype  15611,  Domen- 
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gine  Formation,  UCMP  locality  A-1219;  UCMP  paratypes 
15612  and  15613,  Tejon  Formation,  UCMP  locality  A- 1 003. 

Molluscan  Stage  Range.  “Domengine”  through  “Transi- 
tion.” 

Geographic  Distribution.  San  Diego  through  Mt.  Diablo, 
northern  California. 

Focal  Occurrence.  Turritella  uvasana  applinae  fauna,  Jun- 
cal  Formation:  CSUN  locality  828.  Turritella  uvasana  ap- 
plinae fauna,  Matilija  Sandstone?:  CSUN  localities  232?,  237. 

Remarks.  Only  two  specimens  were  found  at  each  locality. 
Preservation  is  poor  to  fair,  and  most  of  the  specimens  are 
internal  molds.  The  best  preserved  specimen  (Fig.  1 09)  shows 
the  characteristic  noded  tripartite  ribs. 


Subgenus  Claiboniicardia 
Stenzel  and  Krause,  1957 

Type  Species.  By  original  designation,  Venericardia  alti- 
costa  Conrad,  1833. 

Glyptoactis  (Claibornicardia)  sandiegoensis 
(Hanna,  1927) 

Figure  1 10 

Cardita  sandiegoensis  Hanna,  1927:283,  pi.  37,  figs.  1,  2, 
8,  9. 

I'enericardia  {Glyptoactis)  tncmasteri  Verastegui,  1953:42- 
43,  pi.  13,  figs.  2-3. 

Glyptoactis  (Claibornicardia)  sandiegoensis  (Hanna).  Givens 
and  Kennedy,  1979:95,  table  1. 

Primary  Type  Material.  UCMP  syntypes  30980-30983, 
Ardath  Shale,  UCMP  locality  5062. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  San  Diego  through  Whitaker  Peak 
area,  southern  California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  361?,  825,  835,  837,  844,  847. 

Remarks.  About  four  valves  were  found  at  each  locality, 
except  at  localities  361  and  825  where  only  single  valves 
were  found.  All  specimens  are  poorly  preserved  except  the 
slightly  worn  figured  specimen  (Fig.  1 10)  which  has  sculpture 
that  matches  the  description  of  Glyptoactis  tncmasteri,  a ju- 
nior synonym  of  G.  (C.)  sandiegoensis. 

Claibornicardia  is  characterized  by  tripartite  radial  ribs  in 
the  anterior  part  of  the  shell  and  simple  radial  ribs  in  the 
posterior  part.  Hanna  (1927)  reported  that  his  species  had 
15  to  19  radial  ribs.  The  Whitaker  Peak  specimens  have  20 
ribs. 

Previously,  this  species  had  not  been  reported  as  ranging 
into  the  “Capay  Stage”  or  found  as  far  north  as  the  Whitaker 
Peak  area.  These  specimens  in  the  Whitaker  Peak  area  are 


the  earliest  occurrence  worldwide  referable  to  Claibornicar- 
dia. 

Superfamily  Crassatellacea 

Family  Crassatellidae  Ferussac,  1822 

Subfamily  Crassatellinae  Ferussac,  1 822 

Genus  Crassatella  Lamarck,  1799 

Type  Species.  By  subsequent  designation  (Schmidt,  1818), 
Mactra  cygnaea  Lamarck,  1799  (not  Chemnitz,  1782)  [=C. 
gibba  Lamarck,  1801,  = Venus  ponderosa  Gmelin,  1791]. 

Crassatella  uvasana  Conrad,  1855 

Figure  1 1 1 

Crassatella  uvasana  Conrad,  1855:9;  1857:pl.  2,  fig.  5.  Gabb, 
1864:214-215,  pi.  32,  fig.  284.  Stewart,  1930:141-143,  pi. 
12,  fig.  9.  Turner,  1938:47-48.  Givens,  1974:48.  Demere, 
Sundberg,  and  Schram,  1979:pl.  1,  fig.  7.  Squires,  1984: 
47-49,  figs.  1 la-g. 

Crassatella  alta  Conrad,  1855:9;  1857:321  [not  Conrad,  1832: 
21,  pi.  7]. 

Crassatella  grandis  Gabb,  1864:181,  pi.  24,  fig.  163;  1869: 
189. 

Astarte  semidentata  Cooper,  1894:48,  pi.  3,  figs.  44-45. 
Crassatellites  grandis  (Gabb).  Arnold,  1910:13,  pi.  2,  figs. 
lO-lOa;  pi.  3,  fig.  14.  Dickerson,  1915:80,  pi.  1,  fig.  8;  pi. 
2,  figs,  la-b  [not  Waring,  1917:74,  pi.  12,  fig.  16  = Cras- 
satella branneri  fide  Nelson,  1925:410]. 

Crassatellites  uvasana  (Conrad).  Arnold  and  Hannibal,  1913: 
569.  Dickerson,  1915:80,  pi.  2,  fig.  2.  Waring,  1917:59,  pi. 
8,  fig.  10. 

Crassatellites  mathewsonii  (Gabb).  Dickerson,  1916:pl.  36, 
figs.  9a-b  (probably  C.  semidentata  (Cooper)  fide  Turner, 
1938:47-48). 

Crassatellites  uvasanus  (Conrad).  Anderson  and  Hanna,  1925: 

172-174,  pi.  4,  figs.  2-3,  text  fig.  7. 

Crassatellites  semidentata  (Cooper).  Hanna,  1927:282,  pi. 
35,  figs.  1-2. 

Crassatella  semidentata  (Cooper).  Turner,  1938:47-48. 
Crassatella  uvasana  semidentata  (Cooper).  Yokes,  1939:64- 
65,  pi.  4,  figs.  4,  6,  8,  10,  12.  Givens,  1974:48.  Squires, 
1977:table  1.  Givens  and  Kennedy,  1979:tables  1,  3. 
Crassatella  uvasana  uvasana  (Conrad).  Givens  and  Kennedy, 
1979:table  4. 

Primary  Type  Material.  Holotype  undetected,  USNM  col- 
lection, Tejon  Formation,  Grapevine  Canyon,  Tejon  quad- 
rangle, Kem  County,  California. 

Molluscan  Stage  Range.  “Domengine”  through  “Tejon.” 
Geographic  Distribution.  San  Diego  through  central  Cal- 
ifornia. 

Local  Occurrence.  Turritella  uvasana  applinae  fauna,  Ma- 
tilija Sandstone?.:  CSUN  localities  219,  231?,  237. 
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Remarks.  Five  left-hand  valves  and  four  right-hand  valves 
were  found  at  locality  237.  Preservation  is  excellent.  A growth 
series  is  represented  with  a range  of  height  from  1 4 to  90 
mm.  The  juvenile  specimens  have  higher  and  more  promi- 
nent beaks  than  the  adult  specimens.  This  trend  has  been 
observed  before  in  this  species  (Squires,  1984).  Only  single 
large  valves  were  found  at  localities  219  and  231. 

Superfamily  Cardiacea 

Family  Cardiidae  Lamarck,  1 809 

Subfamily  Cardiinae  Lamarck,  1 809 

Genus  Acanthocardia  Gray,  1851 

Type  Species.  By  subsequent  designation  (Stoliczka,  1870), 
Cardium  aculeatum  Linne,  1758. 

Suhgtnws  Sc hedocar did  Stewart,  1930 

Type  Species.  By  original  designation,  Cardium  hatche- 
tigbeense  MArich,  1886. 

Acanthocardia  {Schedocardia)  brewerii 
(Gabb,  1864) 

Figure  1 1 2 

Cardium  brewerii  Gabb,  1864:173,  pi.  24,  fig.  155.  Arnold, 
1907:pl.  39,  fig.  5.  McLaughlin  and  Waring,  1915:fig.  14. 
Waring,  1917:pl.  14,  fig.  9.  Anderson  and  Hanna,  1925; 
165-166,  pi.  1,  fig.  3.  Clark,  1929:pl.  12,  fig.  7. 
Plagiocardiiim  (Schedocardia)  brewerii  (Gabb).  Stewart,  1930: 
256-258,  pi.  12,  fig.  6.  Turner,  1938:52-53,  pi.  9,  figs.  6- 
7.  Yokes,  1939:75,  pi.  11,  figs.  1-4.  Stewart,  1946:pl.  11, 
fig.  20. 

Plagiocardiiim  brewerii  (Gabb).  Merriam  and  Turner,  1937; 
table  2. 

Loxocardium  (Schedocardia)  brewerii  (Gabb).  Weaver,  1 943: 
153-154,  pi.  35,  figs.  15-16,  18;  pi.  38,  figs.  1,  9;  pi.  104, 
fig.  12. 

Cardium  (Trachycardium)  brewerii  brewerii  (Gabb).  Klein- 
pell  and  Weaver,  1963:201-202,  pi.  34,  figs.  1-2. 
Acanthocardia  (Schedocardia)  brewerii  (Gabb).  Givens,  1974: 

48-49,  pi.  1,  fig.  17.  Squires,  1984:49,  figs.  12a-b. 
Acanthocardia  brewerii  (Gabb).  Givens  and  Kennedy,  1979: 
table  4.  Demere,  Sundberg,  and  Schram,  1979:pl.  2,  fig. 
10. 

Primary  Type  Material.  ANSP  lectotype  4560,  designated 
by  Stewart  (1930:257),  Tejon  Formation,  east  of  north  end 
of  Grapevine  Canyon,  Kern  County,  California. 

Molluscan  Stage  Range.  “Capay”  through  “Tejon.” 
Geographic  Distribution.  San  Diego,  California  through 
southwestern  Washington. 


Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  359,  807.  Turritella  uva- 
sana applinae  fauna,  Juncal  Formation:  CSUN  localities  363, 
828. 

Remarks.  Fifteen  specimens  were  found  at  locality  358. 
At  localities  359,  807,  and  828,  eight  specimens  were  found. 
At  locality  363,  only  one  specimen  was  found.  All  specimens 
are  single  valves,  and  preservation  is  fair. 

Subfamily  Protocardiinae  Keen,  1951 

Genus  Nemocardi uni  Meek,  1876 

Type  Species.  By  subsequent  designation  (Sacco,  1899), 
Cardium  semiasperum  Deshayes,  1858. 

Nemocardium  linteiim  (Conrad,  1855) 

Figure  1 1 3 

Cardium  linteiim  Conrad,  1855:3,  9;  1857;pl.  2,  fig.  1.  An- 
derson and  Hanna,  1925:166-167,  pi.  3,  fig.  3. 

Cardium  cooperii  Gabb,  1864:172,  pi.  24,  figs.  154-1 54a. 
Arnold,  1907:pl.  38,  figs.  2-2a.  Waring,  1917:pl.  13,  fig. 
3.  Hanna,  1927:285,  pi.  41,  figs.  6-7. 

Cardium  dalli  Dickerson,  1913:289,  pi.  14,  figs.  4a-c. 

Not  Cardium  dalli  Heilprin.  1887:131,  pi.  16a,  fig.  70. 
Cardium  marysvillensis  Dickerson,  1916:482  [new  name  for 
Cardium  dalli  Dickerson,  1913,  preoccupied]. 

Cardium  (Protocardium)  marysvillensis  Dickerson.  Clark  and 
Woodford,  1927:94,  pi.  15,  fig.  12. 

Nemocardium  linteiim  (Conrad).  Stewart,  1930:275-277,  pi. 
8,  fig.  6.  Turner,  1938:52,  pi.  10,  fig.  10.  Yokes,  1939:76- 
77,  pi.  11,  figs.  6,  9.  Weaver,  1943:159-160,  pi.  38,  fig.  3; 
1953:28.  Stewart,  1946;pl.  1 1,  fig-  19.  Moore,  1968:30,  pi. 
13d.  Zinsmeister,  1974:97-98,  pi.  9,  figs.  7-9;  1983a:pl.  2, 
fig.  7.  Givens  and  Kennedy,  1979:table  4.  Squires,  1984: 
49-50,  fig.  12c. 

Cardium  (Nemocardium)  linteiim  Conrad.  Kleinpell  and 
Weaver,  1963:202,  pi.  34,  fig.  4. 

Nemocardium  (Nemocardium)  linetiim  (Conrad).  Givens, 
1974:49.  Squires,  1977;table  1. 

Primary  Type  Material.  USNM  holotype  1834,  Domen- 
gine  Formation  near  Martinez,  California. 

Molluscan  Stage  Range.  “Martinez”  through  “Tejon.” 
Geographic  Distribution.  San  Diego,  California  through 
southwestern  Oregon. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation;  CSUN  locality  358.  Turritella  uvasana  applinae 
fauna,  Juncal  Formation:  CSUN  locality  828.  Turritella  uva- 
sana applinae  fauna,  Matilija  Sandstone?:  CSUN  localities 
219,  232,  808. 

Remarks.  Three  to  four  specimens  were  found  at  each  of 
the  Turritella  uvasana  applinae  fauna  localities  whereas  only 
single  specimens  were  found  at  the  Turritella  uvasana  infera 
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Figures  112-130.  Whitaker  Peak  area  bivalves,  an  ophiuroid,  and  an  echinoid.  Figs.  112-128.  Bivalves.  112.  Acanthocardia  (Schedocardia) 
hrewerii  (Gabb.  1864),  left  valve,  x2,  length  14  mm,  height  16.5  mm,  LACMIP  hypotype  7529,  CSUN  loc.  359.  113.  Nemocardium  linteum 
(Conrad.  1855).  mostly  internal  mold  of  right  valve,  x 1.7,  length  21  mm,  height  21,  LACMIP  hypotype  7530,  CSUN  loc.  232.  114.  Spisula 
merriami  Packard,  1916.  left  valve,  x 2.3,  length  15  mm,  height  1 3,  LACMIP  hypotype  7531,  CSUN  loc.  828. 115.  Solena  (Eosolen)  novacidaris 
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fauna  localities.  Only  single  valves  were  found  at  all  localities, 
and  preservation  is  fair  with  internal  molds  common. 

Superfamily  Mactracea 
Family  Mactridae  Lamarck,  1 809 
Subfamily  Mactrinae  Lamarck,  1 809 
Genus  Spisula  Gray,  1837 

Type  Species.  By  subsequent  designation  (Gray,  1837), 
"''Mactra  soUda  Montagu”  [=Cardiiim  solidum  Linne,  1758]. 

Spisula  merriami  Packard,  1916 

Figure  1 14 

Spisula  merriami  Packard,  1916:294-295,  pi.  27,  figs.  3-4. 

Dickerson,  1916:485-486,  pi.  39,  figs.  2a-c.  Yokes,  1939: 

97,  pi.  15,  figs.  1 2-1 3.  Weaver,  1943:233-234,  pi.  52,  figs. 

11-12;  p.  54,  fig.  10. 

Spisula  cf.  merriami  Packard.  Turner,  1938:64,  pi.  6,  fig.  12. 

Primary  Type  Material.  UCMP  holotype  1 1484,  UCMP 
paratype  1 1485,  Domengine  Formation,  UCMP  locality  672. 

Molluscan  Stage  Range.  “Domengine.” 

Geographic  Distribution.  Whitaker  Peak  area,  southern 
California  through  southwestern  Oregon. 

Local  Occurrence.  Turrit ella  uvasana  applinae  fauna,  Jun- 
cal  Formation:  CSUN  locality  828. 

Remarks.  Only  a single  valve  was  found  and  preservation 
is  fair.  This  species  is  characterized  by  a distinct  ridge  that 
extends  posteriorly  from  the  beak  to  the  ventral  margin  and 
another  ridge  that  extends  anteriorly  from  the  beak  to  the 
ventral  surface.  As  Packard  (1916)  originally  noted  in  his 
description,  commarginal  ribbing  is  present  over  the  entire 
external  shell  surface.  In  the  specimen  from  locality  828, 
ribbing  is  not  preserved  in  the  beak  area,  but  elsewhere  it  is 
present. 


Previously,  this  species  had  not  been  found  south  of  the 
Coalinga  area,  central  California. 

Superfamily  Solcnacca 
Family  Solcnidac  Lamarck,  1 809 
Genus  Solena  Morch,  1853 

Type  Species.  By  subsequent  designation  (Stoliezka,  1871), 
Solen  obliquus  Spengler,  1794. 

Subgenus  itoyo/p/?  Stewart,  1930 

Type  Species.  By  original  designation,  Solen  plagiaulax 
Cossmann,  1906. 

Solena  (Eosolen)  novacularis 
(Anderson  and  Hanna,  1928) 

Figure  1 1 5 

Solen  novacula  Anderson  and  Hanna,  1925: 147,  pi.  6,  fig.  9. 

Hanna,  1927:294,  pi.  43,  fig.  1. 

Not  Solen  novacula  Montagu,  1803:47. 

Solen  novacularis  Anderson  and  Hanna,  1928:  65-66  [new 
name  for  Solen  novacula  Anderson  and  Hanna,  1925, 
preoccupied]. 

Solena  (Eosolen)  coosensis  Turner,  1938:62-63,  pi.  9,  figs. 
1-2.  Yokes,  1939:96,  pi.  15,  fig.  5.  Givens,  1974:49-50, 
pi.  2,  fig.  1. 

Solena  coosensis  Turner.  Weaver,  1943:229,  pi.  52,  fig.  16; 
pi.  53,  fig.  13. 

Solena  novacularis  (Anderson  and  Hanna).  Givens  and  Ken- 
nedy, 1979:table  4. 

Solena  (Eosolen)  novacularis  (Anderson  and  Hanna).  Squires, 
1984:50,  fig.  12d. 

Primary  Type  Material.  CAS  holotype  882  of  Solen  no- 
vacula Anderson  and  Hanna  and  of  Solen  novacularis  An- 
derson and  Hanna,  Tejon  Formation,  CAS  locality  792. 
Molluscan  Stage  Range.  “Capay”  through  “Tejon.” 


(Anderson  and  Hanna,  1928),  right  valve,  xl.3,  length  58  mm,  height  19  mm,  LACMIP  hypotype  7532,  CSUN  loc.  827.  116.  Tellina 
(Macaliopsis)  new  species?  aff.  T.  (M.)  rosa  (Hanna,  1927),  partial  internal  mold  of  left  valve,  x2,  length  20  mm,  height  15  mm,  LACMIP 
hypotype  7533,  CSUN  loc.  845.  117.  Gari  texta  Gabb,  1864,  mostly  internal  mold  of  left  valve,  x 1,  length  55  mm,  height  32  mm,  LACMIP 
7534,  CSUN  loc.  232.  118.  Gari  new  species?  aff.  G.  eoimdidata  Yokes,  1939,  internal  mold  of  right  valve,  x2.3,  length  17  mm,  height  10 
mm,  LACMIP  hypotype  7535,  CSUN  loc.  845.  119.  Pitar  (Lamelliconcha) Joaquinensis  Yokes,  1939,  left  valve,  x2.2,  length  16  mm,  height 
12  mm.  LACMIP  hypotype  7536,  CSUN  loc.  237.  120-121.  Callisla  (Costacallista)  hornii  vokesi  new  subspecies.  All  parts  left  valve,  x 3, 
length  1 1 mm,  height  9 mm,  UCMP  holotype  1 1667,  UCMP  loc.  672.  120.  Interior.  122.  Callista  (Macrocallista)  domenginica  Yokes,  1939, 
left  valve,  x 1.3,  length  25  mm,  height  20  mm,  LACMIP  hypotype  7537,  CSUN  loc.  237.  123.  Callocardia  (Nitidavenus)  tejonensis  (Waring, 
1914),  left  valve,  x 1.5,  length  20  m,  height  20  mm,  LACMIP  hypotype  7538,  CSUN  loc.  231.  124.  Corbula  (Caryocorbiila)  dickersoni  Weaver 
and  Palmer,  1922,  left  valve,  x2.8,  length  1 1.5  mm,  height  7 mm,  LACMIP  hypotype  7539,  CSUN  loc.  807.  125.  Corbula  (Caryocorbula) 
parilis  Gabb,  1864,  right  valve,  x4.3,  length  8 mm,  height  6 mm,  LACMIP  hypotype  7540,  CSUN  loc.  237.  126.  Corbula  (I'aricorbula) 
capayana  Yokes,  1939,  right  valve,  x7.3,  length  4 mm,  height  3 mm,  LACMIP  hypotype  7541,  CSUN  loc.  845.  127.  Teredo?  sp.,  in  petrified 
wood,  xl.2,  length  48  mm,  LACMIP  hypotype  7542,  CSUN  loc.  362.  128.  Pholadomya  (Bucardiomya)  givensi  Zinsmeister,  1978,  internal 
mold,  right  valve,  x 1.1,  length  30  mm,  height  18  mm,  LACMIP  hypotype  7543,  CSUN  loc.  816.  Figs.  129-130.  Ophiuroid  and  an  echinoid. 
129.  Unidentifiable  ophiuroid,  aboral  view.  x2,  greatest  diameter  27  mm,  LACMIP  hypotype  7544,  CSUN  loc.  230.  130.  Schizaster  cf  S. 
lecontei  Merriam,  1899,  internal  mold,  dorsal  view,  x2,  greatest  diameter  18  mm,  LACMIP  hypotype  7545,  CSUN  loc.  843. 
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Geographic  Distribution.  San  Diego,  California  through 
southwestern  Oregon. 

Local  Occurrence.  Turritella  uvasana  irifera  fauna,  Juncal 
Formation:  CSUN  locality  827. 

Remarks.  Three  fragmentary  specimens  were  found  at  lo- 
cality 827.  Two  are  internal  molds.  The  third  specimen  (Fig. 
115)  has  an  anterior  umbonal  furrow  set  at  an  angle  of  120° 
to  the  dorsal  margin. 

Previously,  this  species  had  not  been  reported  with  cer- 
tainty as  ranging  into  the  “Capay  Stage.”  Givens  (1974:table 
1)  reported  this  species  to  range  into  the  “Capay  Stage,”  but 
his  determination  was  based  on  a tentative  occurrence. 

Superfamily  Tellinacea 
Family  Tellinidae  Blainville,  1814 
Subfamily  Tellininae  Blainville,  1814 
Genus  Tellina  Linne,  1758 

Type  Species.  By  subsequent  designation  (Children,  1 823), 
Tellina  radiata  Linne,  1 758. 

Subgenus  Macaliopsis  Cossmann,  1886 

Type  Species.  By  subsequent  designation  (Dali,  1 900),  Tel- 
lina banandei  Deshayes,  1857. 

Tellina  {Macaliopsis)  new  species? 
afT.  T.  (M.)  rosa  (Hanna,  1927) 

Figure  1 16 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  845. 

Remarks.  A single  specimen  was  found.  It  is  a partial  in- 
ternal mold  of  a left  valve,  but  shell  is  present  along  the 
anterior  end.  The  specimen  is  similar  to  Tellina  {Macaliopsis) 
rosa  (Hanna,  1927:292,  pi.  41,  figs.  2-5,  8;  Squires,  1984: 
50,  fig  1 2e)  from  “Domengine”-age  strata,  San  Diego  through 
Simi  Valley,  southern  California.  The  Whitaker  Peak  spec- 
imen, however,  has  more  closely  spaced  commarginal  ribs 
and  a slightly  more  pronounced  depression  from  the  beak  to 
the  posterior  ventral  margin.  It  may  represent  a new  species. 

The  Whitaker  Peak  specimen  also  resembles  Tellina  {Ma- 
caliopsis) biangularis  Deshayes  (1824:82,  pi.  12,  figs.  1,  2; 
Cossmann  and  Pissarro,  1 904-1 906:pl.  6,  fig.  35-28)  from 
lower  and  middle  Eocene  strata,  Paris  Basin,  France.  The 
California  specimen,  however,  has  fewer  and  more  widely 
spaced  commarginal  ribs  and  a stronger  posterior  umbonal 
fold. 

The  geologic  range  of  Macaliopsis  is  Paleocene-Miocene 
according  to  Keen  (1969)  and  Eocene  according  to  Afshar 
(1969).  Prior  to  this  present  report,  it  has  only  been  found 
in  Europe  and  eastern  Central  America  (Keen,  1969). 

Macaliopsis  was  considered  to  be  a subgenus  of  Arcopagia 
by  Afshar  (1969),  but  Arcopagia  is  diagnosed  as  having  an 
obsolete  posterior  fold.  The  presence  of  a strong  posterior 
umbonal  fold  on  the  Whitaker  Peak  specimen  supports  the 


interpretation  of  Keen  (1969)  that  Macaliopsis  belongs  in 
Tellina. 

Family  Psammobiidae  Reming,  1828 
Subfamily  Psammobiinae  Fleming,  1828 
Genus  Gari  Schumacher,  1817 

Type  Species.  Pending  decision  by  the  ICZN,  Gari  vulgaris 
Schumacher,  1817  [=Solen  ainetliystus  Wood,  1818]. 

Gari  texta  Gabb,  1864 

Figure  1 1 7 

IGari  texta  Gabb,  1864:155,  pi.  22,  fig.  130. 

''Gari"  texta  Gabb.  Stewart,  1930:283,  pi.  7,  fig.  12. 

Gari  texta  Gabb.  Yokes,  1939:93,  pi.  15,  fig.  1. 

Primary  Type  Material.  ANSP  holotype  4471,  Tejon  For- 
mation s.L,  near  Martinez,  California. 

Molluscan  Stage  Range.  “Domengine.” 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  central  California  and  San  Francisco  regions. 

Local  Occurrence.  Turritella  uvasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  locality  232. 

Remarks.  Only  a single,  large  specimen  (length  55  mm) 
was  found.  It  is  mostly  an  internal  mold  of  a left  valve.  This 
species  is  characterized  by  fairly  prominent  commarginal 
ribbing  with  radial  ribbing  in  the  interspaces.  On  the  Whit- 
aker Peak  specimen,  the  commarginal  ribbing  is  preserved 
well,  but  the  radial  ribbing  is  only  faintly  preserved  in  the 
posterior  ventral  area. 

Gari  new  species? 
aff.  G.  eoundulata  Yokes,  1939 

Figure  1 1 8 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  845. 

Remarks.  Three  small  specimens  were  found,  and  they  are 
internal  molds  of  single  valves.  They  are  similar  to  G.  eoun- 
dulata Yokes  (1939:93-94,  pi.  14,  figs.  23,  24)  from  “Capay 
Stage”  and  “Domengine  Stage”  strata,  Fresno  County,  cen- 
tral California,  but  the  Whitaker  Peak  specimens  lack  um- 
bonal grooves  in  the  posterior  and  anterior  regions.  The 
Whitaker  Peak  specimens  may  represent  a new  species. 

Superfamily  Veneracea 
Family  Veneridae  Rafinesque,  1815 
Subfamily  Pitarinae  Stewart,  1930 
Genus  P/Yf/r  Romer,  1857 

Type  Species.  By  monotypy,  Venus  tumens  Gmelin,  1791. 

Subgenus  Lamelliconcha  Dali,  1 902 

Type  Species.  By  original  designation,  Cytherea  concinna 
J.  Sowerby,  1835. 
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Pitar  {Lamelliconcha)  joaquinensis  Yokes,  1939 

Figure  1 1 9 

Metetrix  hornii  Gabb.  Arnold,  1910:pl.  3,  fig.  9.  [Misiden- 
tification.] 

Pitar  (Lamelliconcha)  joaquinensis  Yokes,  1939:85-86,  pi. 
13,  figs.  9-12.  Givens,  1974:54,  pi.  3,  fig.  7.  Squires,  1984: 
51,  fig.  12k. 

Pitar?  joaquinensis  Yokes.  Stewart,  1946:pl.  12,  fig.  12. 
Pitar  joaquinensis  Yokes.  Givens  and  Kennedy,  1979: 
table  1. 

Primary  Type  Material.  UCMP  holotype  15674,  Domen- 
gine  Formation,  UCMP  locality  A- 1027;  UCMP  paratype 
1 5675,  Domengine?  Formation,  UCMP  locality  41 75;  UCMP 
paratype  15676,  Domengine  Formation,  UCMP  locality  A- 
1027;  UCMP  paratype  15677,  Avenal  Formation,  UCMP 
locality  A- 1280. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  Simi  Yalley,  southern  California 
through  central  California. 

Local  Occurrence.  Turritella  uvasana  inf  era  fauna,  Juncal 
Formation:  CSUN  locality  359.  Turritella  uvasana  applinae 
fauna,  Juncal  Formation:  CSUN  localities  363,  828.  Turri- 
tella uvasana  applinae  fauna,  Matilija  Sandstone?:  CSUN 
locality  237. 

Remarks.  At  locality  237,  25  specimens  were  found.  At 
each  of  the  other  localities,  about  1 7 specimens  were  found. 
Only  single  valves  were  found  at  all  localities,  and  preser- 
vation is  good. 

Pitar  (L.)  joaquinensis  is  characterized  by  its  ovate  shape 
and  moderately  broad,  flat  commarginal  ribs  with  linear  in- 
terspaces. Pitar  (L. ) joaquinensis  resembles  Callista  (Macro- 
callista)  domenginica  Yokes,  but  in  P.  (L.)  joaquinensis  the 
dorsal  edges  of  the  commarginal  ribs  are  not  steeper  than  the 
ventral  edges,  the  ribs  are  not  tilted  toward  the  ventral  mar- 
gin, and  the  interspaces  are  linear  impressions  rather  than 
Y-shaped  grooves.  As  noted  by  Yokes  (1939),  P.  (L.)  joa- 
quinensis can  be  subovate  to  trigonal.  Most  of  the  Whitaker 
Peak  specimens  are  subovate,  but  a few  at  locality  237  are 
trigonal  in  shape. 

Previously,  this  species  had  not  been  reported  as  ranging 
into  the  “Capay  Stage.” 

Genus  Callista  Poli,  1791 

Type  Species.  By  subsequent  designation  (Meek,  1876), 
Venus  chione  Linne,  1758. 

Subgenus  Costacallista  Palmer,  1927 

Type  Species.  By  original  designation,  lenus  erycina  Linne, 
1758. 

Callista  {^Costacallista)  hornii  vokesi 
new  subspecies 

Figures  120,  121 

Meretrix  hornii  Gabb.  Dickerson,  1916:444,  pi.  38,  figs, 
la-b. 


Pitar  (Lamelliconcha)  hornii  new  subspecies  Yokes,  1939: 

86-87,  pi.  13,  fig.  6. 

Diagnosis.  Generic  assignment  based  on  ovate  shape,  in- 
equilateral valves,  prosogyrate,  well-developed  anterior  lat- 
eral, fairly  long  and  narrow  posterior  cardinal.  Subgeneric 
assignment  based  on  strongly  developed  commarginal  sculp- 
ture. Specific  assignment  based  on  numerous  thin,  verti- 
cal-sided commarginal  ribs  separated  by  flat-bottomed 
interspaces.  Subspecific  assignment  based  on  flat-bottomed 
interspaces  two  to  three  times  as  wide  as  the  thin  commar- 
ginal ribs. 

Callista  (Costacallista)  hornii  vokesi  new  subspecies  differs 
from  typical  Callista  (Costacallista)  hornii  (Gabb,  1864:164, 
pi.  23,  fig.  144;  1869:185,  pi.  30,  fig.  78;  also  see  Givens, 
1974:55  for  synonymy)  from  upper  middle  through  upper 
Eocene  strata  (“Transition”  through  “Tejon”  “stages”),  west- 
ern and  central  Transverse  Ranges,  southern  California  (Giv- 
ens, 1974),  in  the  following  features:  less  sharply  rounded 
anteriorly  and  more  broadly  rounded  posteriorly  (Yokes, 
1 939).  In  addition,  the  interspaces  between  the  ribs  are  wider 
than  in  the  typical  form.  Useful  comments  and  illustrations 
of  C.  (C.)  hornii  can  be  found  in  Stewart  (1930:242-244,  pi. 
12,  fig.  8;  pi.  17,  fig.  7)  and  Givens  (1974:55,  pi.  3,  fig.  6). 

Description.  Shell  small,  inequilateral,  subtrigonal,  gently 
rounded  anteriorly  and  broadly  rounded  posteriorly.  Beak 
prominent,  prosogyrate,  and  anterior  to  the  midline  of  valve. 
Lunule  small,  flat,  bounded  by  an  incised  line.  Anteriormost 
half  of  the  posterior  dorsal  margin  with  a prominent  cord. 
Shell  surface  sculptured  by  strongly  developed,  thin,  vertical- 
sided commarginal  ribs,  separated  by  flat-bottomed  inter- 
spaces two  to  three  times  as  wide  as  ribs. 

Anterior  cardinal  thin  and  joined  dorsally  to  the  stout  and 
triangular-shaped  middle  cardinal,  posterior  cardinal  fairly 
long  and  narrow  and  about  half  the  length  of  the  nymph 
plate.  Anterior  lateral  tooth  well  developed.  Posterior  lateral 
tooth  very  feeble.  Yalve  margins  internally  smooth.  Holotype 
length  (complete)  1 1 mm,  height  (complete)  9 mm. 

Primary  Type  Material.  UCMP  holotype  1 1667,  UCMP 
paratype  1 5878,  Domengine  Formation,  UCMP  locality  672. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 

Geographic  Distribution.  Simi  Yalley,  southern  California 
through  Coalinga  area,  central  California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  358,  359.  Turritella  uvasana 
applinae  fauna,  Juncal  Formation:  CSUN  locality  828. 

Remarks.  Three  specimens  were  found  at  each  of  the  lo- 
calities. Only  single  valves  were  found,  and  preservation  is 
fair  to  good. 

Anderson  and  Hanna  (1925:158)  first  recognized  that 
Dickerson’s  (1916)  "'Meretrix  hornii  Gabb”  is  different  from 
typical  Callista  (Costacallista)  hornii  (Gabb).  Yokes  (1939) 
also  recognized  the  diflference  and  proposed  a new  subspecies. 
He  did  not,  however,  name  the  subspecies.  Callista  (Cos- 
tacallista) hornii  vokesi  new  subspecies,  therefore,  is  now 
erected.  Dickerson’s  (1916)  specimen  (UCMP  1 5878)  is  cho- 
sen as  the  holotype  (Figs.  120,  121),  and  Yokes’  specimen 
(UCMP  1 1667)  is  chosen  as  the  paratype.  Yokes  (1939)  as- 
signed the  subspecies  to  Pitar  (Lamelliconcha)  although 
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Stewart  ( 1 930:242)  had  assigned  the  species  to  Macrocallista 
(Costacallista).  The  assignment  to  Costacallista,  which  is  a 
subgenus  of  Callista  in  Keen  (1969),  seems  justihed  at  this 
time  based  on  the  nature  of  the  strong  sculpture  although, 
admittedly,  the  preservable  differences  between  Pilar  (La- 
melliconcha)  and  Callista  (Costacallista)  are  subtle. 

Previously,  this  subspecies  had  not  been  reported  as  rang- 
ing into  the  “Capay  Stage.” 

Etymology.  The  subspecies  is  named  for  H.E.  Yokes,  in 
recognition  of  his  many  valuable  contributions  on  Tertiary 
molluscs. 

Snbg&nus,  Macrocallista  Meek,  1876 

Type  Species.  By  original  designation,  I'enus  gigantea 
Gmelin.  1791  [=l'eniis  nimbosa  Lightfoot,  1786]. 

Callista  (Macrocallista)  domenginica 
Yokes,  1939 

Figure  122 

Meretrix  iivasana  “Conrad.”  Arnold,  1910:pl.  3,  hg.  13.  Ar- 
nold and  Anderson,  1910:70,  pi.  25,  fig.  13.  [Misidentifi- 
cation,  /i(7c  Keen  and  Bentson,  1944:67.] 

Macrocallista  (Costacallista)  domenginica  Yokes,  1939:81, 
pi.  12,  figs.  1-8. 

Callista  (Microcallista)  domenginica  (Yokes).  Squires,  1977: 
table  1. 

Primary  Type  Material.  UCMP  holotype  15654,  Domen- 
gine  Formation,  UCMP  locality  3315;  UCMP  paratype 
1 5655,  Domengine  Formation,  UCMP  locality  3958;  UCMP 
paratype  15656,  Avenal  Formation,  UCMP  locality  A-975; 
UCMP  paratype  15657,  Domengine  Formation,  UCMP  lo- 
cality A- 1 220;  UCMP  paratypes  1 5658  and  1 5659,  Domen- 
gine Formation,  UCMP  locality  3315. 

Molluscan  Stage  Range.  “Domengine.” 

Geographic  Distribution.  Whitaker  Peak  area,  southern 
California  through  central  California. 

Local  Occurrence.  Turritella  iivasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  locality  237. 

Remarks.  Seven  single  valves,  ranging  in  height  from  12 
to  23  mm,  were  found.  Preservation  is  good.  This  species  is 
characterized  by  its  ovate  shape  and  moderately  broad,  flat- 
topped  commarginal  ribs  that  become  more  irregularly  spaced 
with  growth.  The  ribs  are  slightly  tilted  toward  the  ventral 
margin,  and  the  dorsal  sides  of  these  ridges  are  steeper  than 
the  ventral  sides. 

Previously,  this  species  had  not  been  found  south  of  the 
Coalinga,  central  California  area. 

Genus  Callocardia  A.  Adams,  1864 

Type  Species.  By  monotypy,  Callocardia  guttata  A.  Adams, 
1864. 

Subgenus  Nitidavenus  Yokes,  1939 

Type  Species.  By  original  designation,  Cytlierea  nitida  De- 
shayes,  1858. 


Callocardia  (Nitidavenus)  tejonensis 
(Waring,  1914) 

Figure  123 

Isocardia  tejonensis  Waring,  1914:784-785;  1917:93,  pi.  15, 
fig.  14. 

cf.  "dsocardia  tejonensis"  Waring.  Turner,  1938:58,  pi.  11, 
figs.  1-4. 

Nitidavenus  tejonensis  (Waring).  Yokes,  1939:83-84,  pi.  12, 
figs.  11,  13-16. 

Callocardia  (Nitidavenus)  tejonensis  (Waring).  Squires,  1 984: 
51,  fig.  12h. 

Primary  Type  Material.  SU  holotype  189,  SU  paratypes 
5188-5190,  Llajas  Formation,  SU  locality  2696. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  Simi  Yalley,  southern  California 
through  southwestern  Oregon. 

Local  Occurrence.  Turritella  iivasana  applinae  fauna,  Ma- 
tilija  Sandstone?:  CSUN  locality  231. 

Remarks.  Only  a single  specimen  was  found,  but  it  is  ar- 
ticulated and  well  preserved.  This  species  is  characterized  by 
inflated,  markedly  prosogyrous  beaks  and  a lunule  bounded 
by  an  incised  line.  In  addition,  the  commarginal  ribbing  be- 
comes very  fine  on  the  beaks. 

Order  Myoida 
Superfamily  Myacea 
Suborder  Myina 

Family  Corbulidae  Lamarck,  1818 
Subfamily  Corbulinae  Lamarck,  1818 
Genus  Corbiila  Bruguiere,  1797 

Type  Species.  By  subsequent  designation  (Schmidt,  1818), 
Corbula  sulcata  Lamarck,  1801. 

Subgenus  Caryocorbiila  Gardner,  1926 

Type  Species.  By  original  designation,  Corbula  alaba- 
niiensis  Lea,  1833. 

Corbula  (Caryocorbiila)  dickersoni 
Weaver  and  Palmer,  1922 
Figure  124 

Corbula  dickersoni  Weaver  and  Palmer,  1922:24-25,  pi.  9, 
figs.  9-10.  Clark.  1938:700,  pi.  1,  fig.  17.  Weaver,  1943: 
257-258,  pi.  61,  figs.  13,  16-17,  20.  Demere,  Sundberg, 
and  Schram,  1979:pl.  2,  fig.  11. 

Corbula  (Caryocorbiila)  dickersoni  Weaver  and  Palmer. 
Yokes,  1939:98,  pi.  16,  figs.  1,  5,  9.  Givens,  1974:57,  pi. 
4,  fig.  7.  Squires,  1984:53,  fig.  12m. 

Primary  Type  Material.  CAS  holotype  7452,  CAS  para- 
types 7452A-B,  Cowlitz  Formation,  UW  locality  329. 
Molluscan  Stage  Range.  “Capay”  through  “Tejon.” 
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Geographic  Distribution.  San  Diego,  California  through 
southwestern  Washington. 

Local  Occurrence.  Turrit ella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  359?,  360,  361,  364,  807,  845. 

Remarks.  One  to  three  specimens  were  found  at  each  lo- 
cality. Only  single  valves  were  found,  and  preservation  is 
good. 

The  presence  of  Corbula  (Caryocorbula)  dickersoni  in  the 
turritella  uvasana  infera  fauna  of  the  Whitaker  Peak  section 
extends  the  molluscan  stage  range  of  this  species  into  the 
“Capay  Stage”  proper.  Previously,  the  lower  range  limit  had 
been  known  to  be  uppermost  “Capay”  (Squires,  1984). 

Corbula  (Caryocorbula)  parilis  Gabb,  1864 

Figure  125 

Corbula  parilis  Gabb,  1864:150,  pi.  29,  figs.  239-239a.  Ar- 
nold, 1910:106,  pi.  2,  fig.  2.  Dickerson,  1915:84,  pi.  4,  fig. 
8;  1916:pl.  40,  fig.  10.  Hanna,  1927:295,  pi.  43,  figs.  7-11, 
13.  Stewart,  1930:288-289,  pi.  3,  fig.  5;  1946:pl.  11,  figs. 
9-10.  Turner,  1938:65-66,  pi.  8,  figs.  1 1-14.  Weaver,  1943: 
256,  pi.  59,  fig.  16.  Givens  and  Kennedy,  1979:tables  1, 
3-4. 

Corbula  (Caryocorbula)  parilis  Gabb.  Yokes,  1939:99,  pi. 
16,  figs.  2-3,  6-7,  10.  Givens,  1974:57,  pi.  4,  fig.  9.  Squires, 
1977:table  1. 

Primary  Type  Material.  UCMP  holotype  33151,  Eocene 
strata,  Martinez,  California  (see  Turner,  1938:65-66). 
Molluscan  Stage  Range.  “Capay”  through  “Transition.” 
Geographic  Distribution.  San  Diego,  California  through 
southwestern  Oregon. 

Local  Occurrence.  Turritella  uvasana  applinae  fauna,  Jun- 
cal Formation:  CSUN  locality  828.  Turritella  uvasana  ap- 
plinae fauna,  Matilija  Sandstone?:  CSUN  localities  232,  237, 
808. 

Remarks.  One  or  two  specimens  were  found  at  each  lo- 
cality, except  at  locality  237  where  19  specimens  were  found. 
Most  of  the  specimens  are  right  valves.  Preservation  is  best 
at  locality  237  where  specimens  faintly  show  the  presence  of 
the  characteristic  cancellate  sculpture. 

Subgenus  Varicorbula  Grant  and  Gale,  1931 

Type  Species.  By  original  designation,  Tellina  gibba  Olivi, 
1792. 

Corbula  (Varicorbula)  capayana  Yokes,  1939 

Figure  126 

Corbula  (Varicorbula)  capayana  Yokes,  1939:99-100,  pi.  16, 
figs.  13-15. 

Primary  Type  Material.  UCMP  holotype  1 5733,  “Arroyo 
Hondo  Formation,”  UCMP  locality  1817. 

Molluscan  Stage  Range.  “Meganos”?  through  “Capay.” 
Geographic  Distribution.  Whitaker  Peak  area,  southern 
California,  through  central  California. 


Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  361,  362,  844,  845. 

Remarks.  Twenty-four  specimens  were  found  at  locality 
361,  eight  at  844,  and  two  at  each  of  the  other  localities.  The 
specimens  are  mostly  right  valves,  and  preservation  is  fair. 
Height  range  is  from  3 through  6.5  mm. 

This  small,  distinctive  species  is  characterized  by  its  strong, 
broad  umbonal  ridge  that  extends  to  the  posterior  ventral 
margin,  as  well  as  by  the  numerous  well-developed  corn- 
marginal  ribs  that  do  not  cross  the  umbonal  ridge.  The  pos- 
terior area,  however,  is  marked  by  strong  irregular  lines  of 
growth. 

See  “Remarks”  for  Turritella  andersoni  in  this  present 
report  for  a discussion  of  the  age  of  the  type  locality  (UCMP 
locality  1817)  of  this  species. 

Previously,  this  species  had  not  been  found  anywhere  else 
except  in  the  Coalinga  area,  central  California. 

Suborder  Pholadina 
Superfamily  Pholadacea 
Family  Teredinidae  Rafinesque,  1815 
Subfamily  Teredininae  Rafinesque,  1815 
Genus  Teredo  Linne,  1758 

Type  Species.  By  subsequent  designation  (ICZN,  1926, 
opin.  94),  Teredo  navalis  Linne,  1758. 

Teredol  sp. 

Figure  127 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  localities  362,  825,  829. 

Remarks.  Teredo?  sp.  occurs  in  the  Whitaker  Peak  area  as 
calcareous-lined  burrows  in  small  pieces  of  petrified  wood. 
Generic  determination  is  uncertain,  and  it  is  very  possible 
that  future  workers  will  assign  these  fossils  to  another  genus. 

Subclass  Anomalodesmata 
Order  Pholadomyoida 
Superfamily  Pholadomyacea 
Family  Pholadomyidae  Gray,  1847a 
Genus  Plioladomya  G.B.  Sowerby,  1823 

Type  Species.  By  subsequent  designation  (Gray,  1847a), 
Plioladomya  Candida  G.B.  Sowerby,  1823. 

Subgenus  Bucardiomya  Rollier 
in  Cossmann,  1912 

Type  Species.  By  subsequent  designation  (Rollier  in  Coss- 
mann, 1912),  Plioladomya  bucardium  Agassiz. 
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Pholadomya  {Bucardiomyci)  givensi 
Zinsmeister,  1978 
Figure  1 28 

Pholadomya  (Pholadomya)  sp.  Givens,  1974:58,  pi.  4,  fig.  5. 
Pholadomya  (Bucardiomya)  givensi  Zinsmeister,  1978:235, 
fig.  1. 

Primary  Type  Material.  UCR  holotype  4662/1 10,  Juncal 
Formation,  UCR  locality  4662. 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Whitaker  Peak  and  Pine  Moun- 
tain areas,  southern  California. 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  816. 

Remarks.  This  species  is  rare  in  the  Whitaker  Peak  section. 
Only  two  specimens  were  found,  and  both  are  internal  molds 
of  articulated  individuals. 

Phylum  Echinodermata 

Subphylum  Asterozoa 

Class  Stelleroidea 

Subclass  Ophiuroidea 

Order  Indeterminate 

Ophiuroid 

Figure  129 

Local  Occurrence.  Only  a single  specimen  was  found.  It  is 
an  aboral  surface.  Four  of  the  five  rays  are  present,  and  the 
fifth  one  is  mostly  missing.  Details  of  the  central  disc  have 
been  obliterated  due  to  poor  preservation,  hence,  identifi- 
cation could  only  be  made  to  the  subclass  level. 

Subphylum  Echinozoa 

Class  Echinoidea 

Subclass  Euechinoidea 

Superorder  Atelostomata 

Order  Spatangoida 

Suborder  Hemiasterina 

Eamily  Schizasteridae  Lambert,  1902 

Genus  5'c/?/zd'5'/cr  Agassiz,  1836 

Type  Species.  By  subsequent  designation  (ICZN,  1954, 
opin.  209),  Schizaster  studeri  Agassiz,  1836. 

Schizaster  cf.  S.  lecontei  Merriam,  1899 

Figure  130 

Local  Occurrence.  Turritella  uvasana  infera  fauna,  Juncal 
Formation:  CSUN  locality  843. 

Remarks.  Two  specimens  were  found,  and  they  are  internal 


molds.  In  the  best  preserved  specimen  (Fig.  1 30),  the  anterior 
half  of  the  test  has  been  compressed  into  the  middle  portion 
of  the  test.  The  very  short  bivium  of  the  apical  system,  never- 
theless, appears  to  be  in  its  original  position  and  is  centrally 
located.  The  specimens  resemble  S.  lecontei  Merriam  (1899: 
164-165,  pi.  21,  figs.  1,  la;  Clark  and  Twitchell,  1915:151- 
152,  pi.  69,  figs.  3a,  b;  Kew,  1920:151-152,  pi.  41,  figs.  3a- 
d;  Grant  and  Hertlein,  1938: 1 20-121,  pi.  15,  fig.  10;  Weaver, 
1953:28)  from  Paleocene  strata,  northern  California,  but  poor 
preservation  prevents  a positive  specific  identification. 

LOCALITIES 

CSUN  macrofossil  and  microfossil  localities  collected  by  the 
author  in  the  course  of  this  study  are  listed  first.  CSUN 
macrofossil  type  localities  mentioned  in  the  text  but  collected 
during  previous  studies  outside  of  the  study  area  are  listed 
next.  Localities  of  other  institutions  mentioned  in  this  report 
follow  in  alphabetical  order. 

All  CSUN  study  area  localities  are  in  the  Juncal  Formation 
or  the  Matilija  Sandstone?,  Whitaker  Peak  area,  Los  Angeles 
and  Ventura  counties,  southern  California.  Unless  otherwise 
noted,  they  are  in  the  United  States  Geological  Survey  7.5- 
minute  topographic  quadrangle  of  Whitaker  Peak,  Califor- 
nia, 1958.  Abbreviations  used  are  United  States  Geological 
Survey  (USGS),  feet  (ft.),  meters  (m),  township  (T),  range 
(R),  north  (N),  south  (S),  east  (E),  and  west  (W).  Distances 
are  given  in  both  English  and  metric  units,  but  map  contour 
elevations  are  given  in  English  units  only.  Some  localities  are 
located  in  sections  in  which  the  north-south  section  lines  do 
not  parallel  true  north.  In  order  to  plot  these  localities,  as 
described  for  each  one  in  the  following  locality  descriptions, 
measure  the  east  or  west  direction  along  the  appropriate  east- 
west  section  line,  then  measure  the  north  or  south  direction 
on  a line  perpendicular  to  the  appropriate  east-west  section 
line. 

Unless  otherwise  indicated,  the  CSUN  localities  are  in 
transition-zone  deposits.  The  general  location,  relative  strati- 
graphic position,  informal  biostratigraphic  zone,  and  pro- 
vincial molluscan  “stage”  of  each  CSUN  locality  are  shown 
in  Figures  132  through  135. 

CSUN  MACROFOSSIL  LOCALITIES 

28.  At  elevation  of  1460  ft.  on  east  side  of  a side  canyon 
to  Piru  Creek,  475  ft.  (145  m)  north  and  675  ft.  (206  m)  west 
of  SE  corner  of  section  10,  T 5 N,  R 18  W.  [Tidal-flat  de- 
posits.] 

8 1 . At  elevation  of  1 5 80  ft.  on  east  side  of  same  side  canyon 
as  for  locality  28,  125  ft.  (38  m)  south  and  280  ft.  (85  m) 
west  of  SE  corner  of  section  19,  T 5 N,  R 18  W.  [Tidal-flat 
deposits.] 

214.  At  elevation  of  1 360  ft.  on  west  side  of  a side  canyon 
to  Canton  Canyon,  225  ft.  (69  m)  north  and  2700  ft.  (823 
m)  east  of  SE  comer  of  section  10,  T 5 N,  R 18  W.  [Tidal- 
flat  deposits.] 

216.  At  elevation  of  1820  ft.  at  top  of  small  cliff,  1350  ft. 
(411m)  south  and  800  ft.  (244  m)  east  of  NE  comer  of  section 
10,  T 5 N,  R 18  W.  [Tidal-flat  deposits.] 
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• 839  CSUN  Macrofossil  Locality 

• CN3  CSUN  Microfossil  Locality 
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Figure  131.  Index  map  to  the  Whitaker  Peak  area  showing  locations  of  areas  used  as  fossil  locality  maps  in  Figures  1 32-135.  An  explanation 
of  symbols  used  on  the  locality  maps  is  also  given. 
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Figure  132.  Geologic  map  showing  CSUN  macrofossil  localities,  Juncal  Formation  and  Matilija  Sandstone?,  Pirn  Creek  to  Canton  Canyon 
area.  Accompanying  columnar  section  shows  stratigraphic  position  of  the  macrofossil  localities.  See  Figure  131  for  explanation  of  symbols. 


219.  At  elevation  of  1720  ft.  on  north  side  of  Sharps  Can- 
yon, 800  ft.  (244  m)  east  of  SW  corner  of  section  2,  T 5 N, 
R 1 8 W,  and  850  ft.  (259  m)  north  along  a line  perpendicular 
to  the  southern  east-west  section  line.  Same  bed  as  that  at 
localities  231  and  232.  [Delta-front  deposits.] 

220.  At  elevation  of  1460  ft.  on  west  side  of  a side  canyon 
to  Canton  Canyon,  1375  ft.  (419  m)  south  and  2500  ft.  (762 
m)  east  of  NE  corner  of  section  10,  T 5 N,  R 18  W. 

230.  At  elevation  of  1275  ft.  in  streambed  of  side  canyon 
to  Piru  Creek,  300  ft.  (91  m)  north  and  2800  ft.  (853  m)  west 
of  NE  corner  of  section  10,  T 5 N,  R 18  W,  USGS  Cobble- 
stone Mountain,  7.5-minute  quadrangle,  1958. 

231.  At  elevation  of  1670  ft.  on  east  side  of  Sharps  Canyon, 
300  ft.  (91  m)  north  and  125  ft.  (38  m)  west  of  NE  corner 
of  section  10,  T 5 N,  R 18  W.  Same  bed  as  that  at  localities 
219  and  232.  [Delta-front  deposits.] 

232.  At  elevation  of  1 840  ft.  on  east  side  of  Sharps  Canyon, 
400  ft.  (122  m)  east  of  SW  corner  of  section  2,  T 5 N,  R 18 


W,  and  600  ft.  (183  m)  north  along  a line  perpendicular  to 
the  southern  east-west  section  line.  Same  bed  as  that  at  lo- 
calities 219  and  231.  [Delta-front  deposits.] 

237.  At  elevation  of  1 390  ft.  on  west  side  of  Sharps  Canyon, 
100  ft.  (30  m)  south  and  1275  ft.  (389  m)  west  ofNE  corner 
of  section  10,  T 5 N,  R 18  W.  [Delta-front  deposits.] 

246.  At  elevation  of  1375  ft.  on  west  side  of  Piru  Creek, 
just  west  of  Bluepoint  Campground,  1275  ft.  (389  m)  north 
and  1300  ft.  (396  m)  east  of  SW  corner  of  section  10,  T 5 
N,  R 1 8 W,  USGS  Cobblestone  Mountain,  7.5-minute  quad- 
rangle, 1958.  [Tidal-flat  deposits.] 

358.  At  elevation  of  1580  ft.  on  west  side  of  Canton  Can- 
yon, 2775  ft.  (846  m)  east  of  SW  corner  of  section  1,  T 5 N, 
R 1 8 W,  and  1 1 50  ft.  (350  m)  north  along  a line  perpendicular 
to  the  southern  east-west  section  line.  Locality  is  equivalent 
to  UCLA  locality  7210. 

359.  At  elevation  of  1760  ft.  on  north  side  of  side  canyon 
to  Canton  Canyon,  2275  ft.  (693  m)  east  of  SW  corner  of 
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BASE  MAP  FROM  WHITAKER  PEAK  (1958),  CA.,  7.5-MINUTE  QUADRANGLE 

Figure  133.  Geologic  map  showing  CSUN  macrofossil  and  microfossil  localities,  Juncal  Formation,  Canton  Canyon  area.  Accompanying 
columnar  section  shows  stratigraphic  position  of  the  fossil  localities.  See  Figure  131  for  explanation  of  symbols. 


section  1,  T 5 N,  R 18  W,  and  1575  ft.  (480  m)  north  along 
a line  perpendicular  to  the  southern  east-west  section  line. 

360.  At  elevation  of  2200  ft.  on  west  side  of  ridge,  1750 
ft.  (533  m)  east  of  SW  corner  of  section  1,  T 5 N,  R 18  W, 
and  2460  ft.  (750  m)  north  along  a line  perpendicular  to  the 
southern  east-west  section  line. 

361.  At  elevation  of  2240  ft.  on  west  side  of  ridge,  1730 
ft.  (527  m)  east  of  SW  corner  of  section  1,  T 5 N,  R 18  W, 
and  2525  ft.  (770  m)  north  along  a line  perpendicular  to  the 
southern  east-west  section  line. 

362.  At  elevation  of  1690  ft.  on  west  side  of  Canton  Can- 
yon, 3250  ft.  (991  m)  east  of  SW  corner  of  section  1,  T 5 N, 
R 1 8 W,  and  2 1 1 0 ft.  (643  m)  north  along  a line  perpendicular 
to  the  southern  east-west  section  line.  [Nearshore-marine 
deposits.] 

363.  At  elevation  of  2060  ft.  on  east  side  of  ridge,  830  ft. 
(253  m)  east  of  SW  corner  of  section  1,  T 5 N,  R 18  W,  and 
1200  ft.  (366  m)  north  along  a line  perpendicular  to  the 
southern  east-west  section  line. 

364.  At  elevation  of  1910  ft.  on  ridge,  2950  ft.  (899  m) 
east  of  SW  corner  of  section  1,  T 5 N,  R 18  W,  and  2350  ft. 


(716  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

802.  At  elevation  of  2690  ft.  on  ridge,  2090  ft.  (637  m) 
west  of  SE  corner  of  section  2,  T 5 N,  R 18  W,  and  3910  ft. 
(1192  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

803.  At  elevation  of  2700  ft.  on  ridge,  2100  ft.  (640  m) 
west  of  SE  corner  of  section  2,  T 5 N,  R 18  W,  and  4010  ft. 
(1222  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

804.  At  elevation  of  2710  ft.  on  ridge,  2100  ft.  (640  m) 
west  of  SE  corner  of  section  2,  T 5 N,  R 18  W,  and  4075  ft. 
(1242  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

805.  At  elevation  of  2730  ft.  on  ridge,  2075  ft.  (632  m) 
west  of  SE  corner  of  section  2,  T 5 N,  R 1 8 W,  and  4200  ft. 
(1280  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line.  [Nearshore-marine  deposits.] 

806.  At  elevation  of  2540  ft.  on  west  side  of  ridge,  1580 
ft.  (482  m)  west  of  SE  corner  of  section  2,  T 5 N,  R 18  W, 
and  3950  ft.  (1204  m)  north  along  a line  perpendicular  to 
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BASE  MAP  FROM  COBBLESTONE  MTN.  (1958)  AND  WHITAKER  PEAK  (1958),  CA^  7.5-MINUTE  QUADRANGLES 

Figure  134.  Geologic  map  showing  CSUN  macrofossil  localities,  Juncal  Formation,  Sharps  Canyon  to  northwest  of  Michael  Creek  area. 
Accompanying  columnar  section  shows  stratigraphic  position  of  the  macrofossil  localities.  See  Figure  131  for  explanation  of  symbols. 


the  southern  east-west  section  line.  [Nearshore-marine  de- 
posits.] 

807.  At  elevation  of  1 720  ft.  on  east  side  of  Canton  Canyon, 
1450  ft.  (442  m)  west  of  SE  corner  of  section  1,  T 5 N,  R 18 
W,  and  1450  ft.  (442  m)  north  along  a line  perpendicular  to 
the  southern  east-west  section  line. 

808.  At  elevation  of  1275  ft.  on  west  side  of  Piru  Creek, 
2600  ft.  (792  m)  north  and  4300  ft.  (1311  m)  west  of  SE 
corner  of  section  10,  T 5 N,  R 18  W,  USGS  Cobblestone 
Mountain,  7.5-minute,  quadrangle,  1958.  [Delta-front  de- 
posits.] 

809.  At  elevation  of  1275  ft.  at  base  of  cliff  on  north  side 
of  Agua  Blanca  Creek,  25  ft.  (8  m)  south  and  675  ft.  (206  m) 
east  of  NW  corner  of  section  9,  T 5 N,  R 18  W,  USGS 


Cobblestone  Mountain,  7.5-minute  quadrangle,  1958.  [Tid- 
al-flat deposits,  lower  part]. 

810.  At  elevation  of  2910  ft.  on  a ridge,  500  ft.  (152  m) 
west  of  NE  corner  of  section  3,  T 5 N,  R 18  W,  and  200  ft. 
(6 1 m)  south  along  a line  perpendicular  to  the  northern  east- 
west  section  line. 

811.  At  elevation  of  2980  ft.  on  east  side  of  ridge,  260  ft. 
(79  m)  west  of  NE  corner  of  section  3,  T 6 N,  R 18  W,  and 
25  ft.  (8  m)  north  along  a line  perpendicular  to  the  northern 
east-west  section  line. 

812.  At  elevation  of  3000  ft.  on  west  side  of  ridge,  325  ft. 
(99  m)  west  of  NE  comer  of  section  3,  T 6 N,  R 18  W,  and 
1 1 5 ft.  (35  m)  north  along  a line  perpendicular  to  the  northern 
east-west  section  line.  [Nearshore-marine  deposits.] 


76  Contributions  in  Science,  Number  388 


Squires;  Whitaker  Peak  Eocene  Molluscs 


813.  At  elevation  of  2910  ft.  on  east  side  of  ridge,  750  ft. 
(229  m)  west  of  corner  of  section  3,  T 6 N,  R 1 8 W,  and  250 
ft.  (76  m)  north  along  a line  perpendicular  to  the  northern 
east-west  section  line. 

814.  At  elevation  of  2720  ft.  on  a small  ridge,  1075  ft.  (328 
m)  west  of  NE  corner  of  section  3,  T 6 N,  R 18  W,  and  630 
ft.  (192  m)  north  along  a line  perpendicular  to  the  northern 
east-west  section  line. 

815.  At  elevation  of  2760  ft.  on  a small  ridge,  1050  ft.  (320 
m)  west  of  NE  corner  of  section  3,  T 6 N,  R 18  W,  and  700 
ft.  (213  m)  north  along  a line  perpendicular  to  the  northern 
east-west  section  line. 

816.  At  elevation  of  2760  ft.  on  west  side  of  stream  bank, 
1 125  ft.  (343  m)  west  of  NE  corner  of  section  3,  T 6 N,  R 
18  W,  and  750  ft.  (229  m)  north  along  a line  perpendicular 
to  the  northern  east-west  section  line. 

817.  At  elevation  of  2450  ft.  on  side  of  hill,  2400  ft.  (732 
m)  west  of  NE  corner  of  section  3,  T 5 N,  R 18  W,  and  2850 
ft.  (869  m)  north  along  a line  perpendicular  to  the  northern 
east-west  section  line,  USGS  Cobblestone  Mountain,  7.5- 
minute  quadrangle,  1958. 

818.  At  elevation  of  2500  ft.  on  side  of  hill,  2350  ft.  (716 
m)  west  of  NE  corner  of  section  3,  T 5 N,  R 1 8 W,  and  2900 
ft.  (884  m)  north  along  a line  perpendicular  to  the  northern 
east-west  section  line,  USGS  Cobblestone  Mountain,  7.5- 
minute  quadrangle,  1958. 

819.  At  elevation  of  2550  ft.  on  side  of  hill,  2300  ft.  (701 
m)  west  of  NE  corner  of  section  3,  T 5 N,  R 18  W,  and  2860 
ft.  (872  m)  north  along  a line  perpendicular  to  the  northern 
east-west  section  line,  USGS  Cobblestone  Mountain,  7.5- 
minute  quadrangle,  1958. 

820.  At  elevation  of  2575  ft.  on  side  of  hill,  2250  ft.  (686 
m)  west  of  NE  corner  of  section  3,  T 5 N,  R 18  W,  and  2925 
ft.  (892  m)  north  along  a line  perpendicular  to  the  northern 
east-west  section  line,  USGS  Cobblestone  Mountain,  7.5- 
minute  quadrangle,  1958. 

821.  At  elevation  of  2625  ft.  on  side  of  hill,  2170  ft.  (661 
m)  west  of  NE  comer  of  section  3,  T 5 N,  R 1 8 W,  and  2835 
ft.  (864  m)  north  along  a line  perpendicular  to  the  northern 
east-west  section  line,  USGS  Cobblestone  Mountain,  7.5- 
minute  quadrangle,  1958. 

822.  At  elevation  of  2650  ft.  on  west  side  of  canyon,  2290 
ft.  (698  m)  west  of  NE  corner  of  section  3,  T 5 N,  R 18  W, 
and  3350  ft.  (1020  m)  north  along  a line  perpendicular  to 
the  northern  east-west  section  line,  USGS  Cobblestone 
Mountain,  7.5-minute  quadrangle,  1958. 

823.  At  elevation  of  2610  ft.  on  west  side  of  canyon,  2575 
ft.  (785  m)  west  of  NE  corner  of  section  3,  T 5 N,  R 18  W, 
and  3400  ft.  (1036  m)  north  along  a line  perpendicular  to 
the  northern  east-west  section  line,  USGS  Cobblestone 
Mountain,  7.5-minute  quadrangle,  1958. 

824.  At  elevation  of  2650  ft.  on  west  side  of  canyon,  2600 
ft.  (792  m)  west  of  NE  corner  of  section  3,  T 5 N,  R 18  W, 
and  3450  ft.  (1052  m)  north  along  a line  perpendicular  to 
the  northern  east-west  section  line,  USGS  Cobblestone 
Mountain,  7.5-minute  quadrangle,  1958. 

825.  At  elevation  of  1760  ft.  on  west  side  of  Canton  Can- 
yon, 3180  ft.  (937  m)  east  of  SW  comer  of  section  1,  T 5 N, 
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Figure  135.  Geologic  map  showing  CSUN  macrofossil  locality  809, 
Matilija  Sandstone?,  Agua  Blanca  Creek  area.  Accompanying  co- 
lumnar section  shows  stratigraphic  position  of  the  macrofossil  lo- 
cality. See  Figure  131  for  explanation  of  symbols. 


R 1 8 W,  and  2 1 50  ft.  (632  m)  north  along  a line  perpendicular 
to  the  southern  east-west  section  line.  [Nearshore-marine 
deposits.] 

826.  At  elevation  of  2310  ft.  on  west  side  of  ridge,  1460 
ft.  (445  m)  east  of  SW  corner  of  section  1,  T 5 N,  R 18  W, 
and  2650  ft.  (808  m)  north  along  a line  perpendicular  to  the 
southern  east-west  section  line. 

827.  At  elevation  of  2300  ft.  on  west  side  of  ridge,  1390 
ft.  (424  m)  east  of  SW  corner  of  section  1,  T 5 N,  R 18  W, 
and  2625  ft.  (800  m)  north  along  a line  perpendicular  to  the 
southern  east-west  section  line. 

828.  At  elevation  of  1660  ft.  on  west  side  of  Canton  Can- 
yon, 2475  ft.  (754  m)  east  ofSW  corner  of  section  1,  T 5 N, 
R 1 8 W,  and  9 10  ft.  (277  m)  north  along  a line  perpendicular 
to  the  southern  east-west  section  line. 

829.  At  elevation  of  2340  ft.  on  ridge  top,  100  ft.  (30  m) 
east  of  SW  comer  of  section  1,  T 5 N,  T 18  W,  and  2550  ft. 
(777  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

830.  At  elevation  of  2350  ft.  on  ridge  top,  100  ft.  (30  m) 
east  of  SW  corner  of  section  1,  T 5 N,  R 18  W,  and  2650  ft. 
(808  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

831.  At  elevation  of  2450  ft.  on  ridge  top,  60  ft.  (18  m) 
east  of  SW  corner  of  section  1,  T 5 N,  R 18  W,  and  2875  ft. 
(876  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

832.  At  elevation  of  2460  ft.  on  ridge  top,  50  ft.  (15  m) 
east  of  SW  corner  of  section  1,  T 5 N,  R 18  W,  and  2900  ft. 
(884  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

833.  At  elevation  of  2480  ft.  on  ridge  top,  100  ft.  (30  m) 
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east  of  SW  corner  of  section  1,  T 5 N,  R 18  W,  and  2925  ft. 
(892  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

834.  At  elevation  of  2490  ft.  on  ridge,  100  ft.  (30  m)  east 
of  SW  comer  of  section  1 , T 5 N,  R 1 8 W,  and  2975  ft.  (907 
m)  north  along  a line  perpendicular  to  the  southern  east- 
west  section  line. 

835.  At  elevation  of  2485  ft.  on  ridge,  50  ft.  (15  m)  east 
ofSW  corner  of  section  1,  T 5 N,  R 18  W,  and  3000  ft.  (914 
m)  north  along  a line  perpendicular  to  the  southern  east- 
west  section  line. 

836.  At  elevation  of  2530  ft.  on  ridge,  125  ft.  (38  m)  east 
ofSW  corner  of  section  1,T5N,  R 18  W,  and  3075  ft.  (937 
m)  north  along  a line  perpendicular  to  the  southern  east- 
west  section  line. 

837.  At  elevation  of  2500  ft.  on  east  side  of  Sharps  Canyon, 
3400  ft.  (1036  m)  west  of  SE  corner  of  section  2,  T 5 N,  R 
1 8 W,  and  5750  ft.  (1753  m)  north  along  a line  perpendicular 
to  the  southern  east-west  section  line. 

838.  At  elevation  of  2500  ft.  on  west  side  of  Sharps  Canyon, 
3500  ft.  (1067  m)  west  of  SE  corner  of  section  2,  T 5 N,  R 
1 8 W,  and  5850  ft.  (1783  m)  north  along  a line  perpendicular 
to  the  southern  east-west  section  line.  [Nearshore-marine 
deposits.] 

839.  At  elevation  of  2840  ft.  on  west  side  of  Sharps  Canyon, 
3975  ft.  (1212  m)  west  of  SE  corner  of  section  2,  T 5 N,  R 
1 8 W,  and  6060  ft.  ( 1 844  m)  north  along  a line  perpendicular 
to  the  southern  east-west  section  line. 

840.  At  elevation  of  2560  ft.  on  ridge,  1380  ft.  (421  m) 
west  of  SE  corner  of  section  2,  T 5 N,  R 18  W,  and  3910  ft. 
(1192  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

841.  At  elevation  of  2600  ft.  on  ridge,  1410  ft.  (430  m) 
west  of  SE  corner  of  section  2,  T 5 N,  R 18  W,  and  3970  ft. 
(1210  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line.  [Nearshore-marine  deposits.] 

842.  At  elevation  of  2180  ft.  on  a small  cliff  on  east  side 
of  stream  bank,  900  ft.  (274  m)  west  of  SE  corner  of  section 
2,  T 5 N,  R 18  W,  and  3400  ft.  (1036  m)  north  along  a line 
perpendicular  to  the  southern  east-west  section  line. 

843.  At  elevation  of  2220  ft.  on  a low  ridge,  850  ft.  (259 
m)  west  of  SE  corner  of  section  2,  T 5 N,  R 18  W,  and  3475 
ft.  (1059  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

844.  At  elevation  of  2240  ft.  on  a low  ridge,  850  ft.  (259 
m)  west  of  SE  corner  of  on  2,  T 5 N,  R 1 8 W,  and  3500  ft. 
(1067  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

845.  At  elevation  of  2260  ft.  on  a low  ridge,  840  ft.  (2560 
m)  west  of  SE  comer  of  section  2,  T 5 N,  R 18  W,  and  3550 
ft.  (1082  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

846.  At  elevation  of  2300  ft.  on  a low  ridge,  830  ft.  (253 
m)  west  of  SE  corner  of  section  2,  T 5 N,  R 18  W,  and  3650 


ft.  (1 1 13  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

847.  At  elevation  of  2330  ft.  on  a low  ridge,  830  ft.  (253 
m)  west  of  SE  corner  of  section  2,  T 5 N,  R 18  W,  and  3700 
ft.  (1 128  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

848.  At  elevation  of  2340  ft.  on  a low  ridge,  830  ft.  (253 
m)  west  of  SE  corner  of  section  2,  T 5 N,  R 18  W,  and  3750 
ft.  ( 1 143  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line.  [Nearshore-marine  deposits.] 

849.  At  elevation  of  2350  ft.  on  a low  ridge,  800  ft.  (244 
m)  west  of  SE  corner  of  section  2,  T 5 N,  R 18  W,  and  3770 
ft.  (1 149  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line.  [Nearshore-marine  deposits.] 

850.  At  elevation  of  2360  ft.  at  base  of  small  clilf,  830  ft. 
(253  m)  west  of  SE  corner  of  section  2,  T 5 N,  R 18  W,  and 
3800  ft.  (1158  m)  north  along  a line  perpendicular  to  the 
southern  east-west  section  line.  [Nearshore-marine  deposits.] 

851.  At  elevation  of  2480  ft.  on  ridge,  150  ft.  (46  m)  west 
of  SE  corner  of  section  2,  T 5 N,  R 18  W,  and  3200  ft.  (975 
m)  north  along  a line  perpendicular  to  the  southern  east- 
west  section  line. 

852.  At  elevation  of  2510  ft.  on  ridge,  125  ft.  (38  m)  west 
of  SE  corner  of  section  2,  T 5 N,  R 18  W,  and  3225  ft.  (983 
m)  north  along  a line  perpendicular  to  the  southern  east- 
west  section  line.  [Nearshore-marine  deposits.] 

853.  At  elevation  of  2530  ft.  at  base  of  cliff  on  a ridge,  1 1 5 
ft.  (35  m)  west  of  SE  corner  of  section  2,  T 5 N,  R 18  W, 
and  3275  ft.  (998  m)  north  along  a line  perpendicular  to  the 
southern  east-west  section  line.  [Nearshore-marine  deposits.] 

CSUN  MICROFOSSIL  LOCALITIES 

CNI.  Same  as  CSUN  macrofossil  locality  837. 

CN2.  At  elevation  of  1620  ft.  on  west  side  of  Canton 
Canyon,  3180  ft.  (969  m)  east  ofSW  corner  of  section  1,  T 
5 N,  R 18  W,  and  1800  ft.  (549  m)  north  along  a line  per- 
pendicular to  the  southern  east-west  section  line. 

CN3.  At  elevation  of  2270  ft.  on  a low  ridge,  1375  ft.  (419 
m)  west  of  SE  corner  of  section  2,  T 5 N,  R 18  W,  and  3250 
ft.  (991  m)  north  along  a line  perpendicular  to  the  southern 
east-west  section  line. 

CN4.  At  elevation  of  2320  ft.  on  west  side  of  ridge  at  head 
of  a small  canyon,  1850  ft.  (564  m)  west  of  SE  comer  of 
section  2,  T 5 N,  R 18  W,  and  1570  ft.  (479  m)  north  along 
a line  perpendicular  to  the  southern  east-west  section  line. 

CSUN  LOCALITIES  OUTSIDE  OF  STUDY  AREA 

374.  At  elevation  of  1700  ft.  on  a small  cliff  on  south  side 
of  a side  canyon  to  Las  Llajas  Canyon,  1950  ft.  (594  m)  north 
and  1825  ft.  (556  m)  east  of  SE  corner  of  section  29,  T 3 N, 
R 1 7 W,  7.5-minute  topographic  quadrangle  of  Santa  Susana, 
California,  1951  (photorevised,  1969),  Ventura  County. 
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662.  At  elevation  of  2190  ft.  along  crest  of  small  hill,  450 
ft.  (137  m)  south  and  100  ft.  (31  m)  west  of  the  NE  corner 
of  section  25,  T 6 S,  R 12  E,  7.5-minute  topographic  quad- 
rangle of  Canyon  Spring  NW,  California,  1963,  Riverside 
County.  Locality  is  equivalent  to  UCLA  locality  3779. 

CAS  LOCALITIES 

25.  On  east  bank  of  Little  River  at  its  confluence  with 
Umpqua  River,  near  center  of  section  19,  T 26  S,  R 3 W. 
Roseburg  quadrangle,  Douglas  County,  Oregon. 

244.  In  east  bank  of  Live  Oak  Creek,  0.75  mi.  (1.2  km) 
from  mouth,  3 mi.  (4.8  km)  due  east  of  mouth  of  Grapevine 
Canyon,  Tejon  quadrangle,  Kern  County,  California. 

393.  Devil  Canyon,  SE  '4  of  the  NW  '4  of  section  26,  T 3 
N,  R 17  W,  Santa  Susana  quadrangle,  Los  Angeles  County, 
California. 

711.  East  side  of  Grapevine  Creek  near  point  where  it 
enters  valley  floor,  Tejon  quadrangle,  Kern  County,  Califor- 
nia. 

792.  West  side  of  Tecuya  Creek,  about  1 mi.  (1.6  km)  south 
of  where  stream  flows  out  on  valley  floor,  Tejon  quadrangle, 
Kern  County,  California. 

SU  LOCALITY 

2696.  Chivo  Canyon,  5 km  N20°E  of  Bench  Mark  961  at 
Santa  Susana,  Santa  Susana  quadrangle,  Ventura  County, 
California. 

UCMP  LOCALITIES 

337.  About  5 km  south  of  Martinez,  on  the  east  side  of 
the  road  to  Walnut  Creek,  Concord  quadrangle.  Contra  Costa 
County,  California. 

672.  South  portion  of  crest  of  Parson’s  Peak,  SE  '4  of  the 
NW  '4  of  section  24,  T 18  S,  R 14  E,  Coalinga  quadrangle, 
Fresno  County,  California. 

1817.  Opposite  the  place  where  Urruttia  Canyon  enters 
Salt  Creek,  100  ft.  (30  m)  up  fourth  small  draw  from  west 
end  of  Ridge,  SE  '4  of  the  NW  '4  of  section  15,  T 18  S,  R 
1 4 E,  Coalinga  quadrangle  (1912),  Fresno  County,  California. 

1853.  Marysville  Buttes,  N '4  of  section  28,  T 16  N,  R 1 
E,  Marysville  Buttes  quadrangle,  Sutter  County,  California. 

1855.  Marysville  Buttes,  0.5  mi.  (0.8  km)  SW  of  UCMP 
locality  1853,  Marysville  Buttes  quadrangle,  Sutter  County, 
California. 

2226.  Longitude  1 17°14'W,  latitude  33°50'N,  SE  of  Sole- 
dad  Mountain,  north  of  Ladrillo  Station,  Southern  Pacific 
Railroad,  Rose  Canyon,  La  Jolla  quadrangle,  San  Diego 
County,  California. 

3152.  Deer  Valley,  NW  ‘4  of  section  20,  T 1 N,  R 2 E,  Mt. 
Diablo  quadrangle,  Contra  Costa  County,  California. 


3310.  Exact  location  unknown.  Probably  Simi  Hills,  Santa 
Susana  quadrangle,  California. 

3315.  Immediately  south  of  Domengine  Creek,  Coalinga 
quadrangle,  Fresno  County,  California. 

3958.  No  locality  data  available. 

3986.  At  20  ft.  (6  m)  above  high-tide  level,  1 mi.  ( 1 .6  km) 
north  of  Scripps  Institute,  La  Jolla  quadrangle,  San  Diego 
County,  California. 

3990.  On  east  side  of  canyon  in  bottom  of  Rose  Creek, 
0.3  mi.  (0.5  km)  east  of  “t”  of  “Soledad  Mountain,”  La  Jolla 
quadrangle,  San  Diego  County,  California. 

3993.  In  bottom  of  Rose  Creek  where  creek  makes  a strong 
bend  to  west,  0.2  mi.  (0.3  km)  south  of  Bench  Mark  176,  2 
mi.  (3.2  km)  east  of  La  Jolla,  La  Jolla  quadrangle,  San  Diego 
County,  California. 

4052.  Top  of  hill  2223  directly  north  of  divide  between 
Holser  and  Martinez  Chiquite  Canyon,  Santa  Susana  quad- 
rangle, California. 

4169.  About  500  ft.  (152  m)  east  of  ranch  house  in  Big 
Tar  Canyon  on  east  line  of  section  1 8,  near  point  where  road 
crosses  creek.  Garza  Peak  quadrangle.  Kings  County,  Cali- 
fornia. 

4170.  On  west  side  of  Big  Tar  Canyon,  where  it  crosses 
the  Eocene  section,  Garza  Peak  quadrangle.  Kings  County, 
California. 

4175.  No  locality  data  available.  Probably  Domengine 
Ranch  area,  north  of  Coalinga,  Domengine  Ranch  quadran- 
gle, Fresno  County,  California. 

5062.  In  sea  cliff  south  of  mouth  of  Soledad  Valley,  due 
west  of  midpoint  between  “P”  and  “u”  of  “Pueblo,”  La  Jolla 
quadrangle,  San  Diego  County,  California. 

7000.  Exact  location  unknown.  Las  Llajas  Canyon,  in  first 
canyon  on  north  side  of  road,  Santa  Susana  quadrangle,  Cal- 
ifornia. 

7004.  At  elevation  of  1 700  ft.  on  a small  cliff  on  south  side 
of  a side  canyon  to  Las  Llajas  Canyon,  1950  ft.  (594  m)  north 
and  1825  ft.  (556  m)  east  of  SE  corner  of  section  29,  T 3 N, 
R 17  W,  Santa  Susana  quadrangle,  Ventura  County,  Cali- 
fornia. Locality  is  equivalent  to  CSUN  locality  374. 

7195.  In  the  creek  bed  about  60  ft.  (18  m)  north  of  the 
second  falls  or  300  ft.  (91  m)  north  of  the  mouth  of  the  first 
small  draw  which  enters  Las  Llajas  Canyon  west  of  the  point 
where  the  “Meganos”  Conglomerate  crosses  the  road,  Santa 
Susana  quadrangle,  Ventura  County,  California. 

A-667.  Section  along  north  bank  of  North  Umpqua  River 
from  the  bend  0.25  mi.  (0.4  km)  north  of  Glide  to  Bradley 
Creek,  a distance  of  approximately  0.5  mi.  (0.8  km).  Douglas 
County,  Oregon. 

A-819.  Lowest  reef  bed  on  side  of  hill  just  east  of  and 
above  first  saddle  south  of  Big  Tar  Canyon,  Garza  Peak 
quadrangle.  Kings  County,  California. 

A-975.  In  draw  across  ridge  to  south  of  Big  Tar  Canyon, 
Reef  Ridge,  T 23  S,  R 17  E,  Cholame  quadrangle.  Kings 
County,  California. 
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A-994.  Second  draw  past  Las  Llajas  Canyon  at  second 
small  falls  up  draw  approximately  300  ft.  (9 1 m),  Santa  Su- 
sana  quadrangle,  Ventura  County,  California. 

A-1003.  Exact  location  unknown.  Pine  Canyon,  Mount 
Diablo,  Contra  Costa  County,  California. 

A-1027.  Valdes  Ranch,  on  branch  of  Silver  Creek,  Valle- 
citos,  center  of  east  part  of  SW  'A  of  section  4,  T 1 6 S,  R 12 
E.  Approximately  where  1 20°40'  parallel  crosses  most  north- 
erly intermittent  stream  indicated  on  section  4,  Panoche 
quadrangle,  Fresno  County,  California. 

A-1173.  0.75  mi.  (1.2  km)  west  of  Cleveland,  Oregon  in 
ravine  900  ft.  (274  m)  south  of  road,  west  of  Roseburg,  Or- 
egon. 

A-1219.  Base  of  Domengine  Formation  on  west  side,  near 
top,  of  long  ridge  extending  NW  of  2126-ft.  hill  on  line  be- 
tween sections  9 and  16,  T 19  S,  R 15  E,  Domengine  Ranch 
quadrangle,  Fresno  County,  California. 

A-1220.  On  long  ridge  NW  of  hill  2126,  '/,6  in.  on  map 
north  of  line  between  sections  9 and  16,  T 19  S,  R 15  E, 
Coalinga  quadrangle,  Fresno  County,  California. 

A-1233.  No  locality  data  available. 

A-1280.  Near  center  of  north  edge  of  section  20,  on  hill 
immediately  south  of  point  where  the  Big  Tar-McLure  Valley 
road  crosses  saddle  at  head  of  stream  running  into  McLure 
Valley,  45  ft.  (14  m)  below  uppermost  fossiliferous  layer, 
Garza  Peak  quadrangle.  Kings  County,  California. 

UCLA  LOCALITY 

4713.  At  about  elevation  of  1 925  ft.  on  west  side  of  Canton 
Canyon,  about  3900  ft.  S36°W  from  hill  3105  which  is  in 
the  NW  '/4  of  section  6,  T 5 N,  R 1 7 W.  Whitaker  Peak 
quadrangle,  Los  Angeles  County,  California. 

UCR  LOCALITIES 

4662.  In  bed  of  Hot  Spring  Canyon,  1900  ft.  (579  m)  north, 
2050  ft.  (625  m)  west  of  SE  corner  of  section  21,  T 6 N,  R 
20  W,  Topatopa  Mountain  quadrangle,  Ventura  County,  Cal- 
ifornia. 

4847.  At  Ardath  Road  southbound  on  ramp  to  Interstate 
Freeway  5,  32,820  m north,  78,250  m east  in  zone  1 1 of  the 
Universal  Transverse  Mercator  grid  system,  La  Jolla  quad- 
rangle, San  Diego  County,  California. 

uses  LOCALITIES 

4617.  On  SW  flank  of  Reef  Ridge,  north  of  McLure  Valley, 
2'/4  mi.  (3.6  km)  SSE  of  El  Cerrito  oil  well,  section  27,  T 23 
S,  R 1 7 E,  Cholame  quadrangle.  Kings  County,  California. 

4619.  North  of  Coalinga,  15  mi.  (24  km)  SW  of  Domen- 
gine’s  Ranch,  T 18  S,  R 15  E,  Coalinga  quadrangle,  Fresno 
County,  California. 

UW  LOCALITIES 

329.  On  north  bank  of  the  Cowlitz  River  at  bend  1.5  to 
2.5  km  east  of  Vader,  section  28,  T 1 N,  R 2 W,  Lewis  Coun- 
ty, Washington. 

358.  Joice  Station,  'A  mi.  (0.4  km)  east  of  Tongue  Point 


Railroad,  Port  Crescent,  section  22,  T 31  N,  R 8 W,  Clallam 
County,  Washington. 
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SERIAJ.  PUBLICATIONS  OF  THE 
NATURAL  HISTORY  MUSEUM  OF  LOS  ANGELES  COUNTY 

The  scientific  publications  of  the  Natural  History  Museum  of  Los  Angeles  County  have  been 
issued  at  iiregular  intervals  in  three  major  series;  the  issues  in  each  series  are  numbered 
individually,  and  numbers  run  consecutively,  regardless  of  the  subject  matter. 

• Contributions  in  Science,  a miscellaneous  series  of  technical  papers  describing  orig- 
inal research  in  the  life  and  earth  sciences. 

• Science  Bulletin,  a miscellaneous  series  of  monographs  describing  original  research 
in  the  life  and  earth  sciences.  This  series  was  discontinued  in  1978  with  the  issue  of 
Numbers  29  and  30;  monographs  are  now  published  by  the  Museum  in  Contributions 
in  Science. 

D 

• Science  Series,  long  articles  on  natural  history  topics,  generally  written  for  the  layman. 

Copies  of  the  publications  in  these  series  are  sold  through  the  Museum  Book  Shop.  A catalog 
is  available  on  request. 

The  Museum  also  publishes  Technical  Reports,  a miscellaneous  series  containing  information 
relative  to  scholarly  inquiry  and  collections  but  not  reporting  the  results  of  original  research. 
Issue  is;  authorized  by  the  museum’s  Scientific  Publications  Committee;  however,  manuscripts 
do  not  receive  anonymous  peer  review.  Individual  Technical  Reports  may  be  obtained  from 
the  relevant  Section  of  the  museum. 
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RECONSTRUCTION  OF  CRANIAL  MORPHOLOGY  AND  ANALYSIS  OF 
FUNCTION  IN  THE  PLEISTOCENE  GROUND  SLOTH 
NOTHROTHERIOPS  SHASTENSE  (MAMMALIA,  MEGATHERIIDAE) 

Virginia  L.  Naples* 


ABSTRACT.  The  masticatory  muscle  structure  of  Nothrotheriops 
shastense  was  reconstructed  by  examination  of  scars  of  muscle  origin 
and  insertion.  Structural  details  and  function  of  masseter-pterygoid 
and  temporalis  muscles  were  reconstructed  based  upon  comparisons 
with  the  tree  sloths  Bradypus  and  Choloepus.  Dental  studies  show 
that  Nothrotheriops  had  an  anteromedially  directed  masticatory  power 
stroke  as  do  tree  sloths  and  most  other  therian  mammals  studied  to 
date.  The  shape  and  orientation  of  the  ascending  and  descending 
zygomatic  arch  processes  in  Nothrotheriops  can  be  explained  in  bio- 
mechanical terms  to  emphasize  the  mechanical  advantage  of  the 
masseter  complex  muscles.  Restoration  of  other  cranial  soft  tissues 
demonstrates  a nasal  region  in  Nothrotheriops  longer  than  has  been 
shown  previously;  therefore  a new  longer  face  (a  primitive  condition 
among  sloths)  is  proposed  for  this  genus.  In  general,  Nothrotheriops 
appears  to  be  closer  in  cranial  structure  to  Bradypus  than  Choloepus. 
although  Nothrotheriops  lacks  an  extremely  short  face  (a  derived 
condition  unique  to  Bradypus).  These  and  other  derived  structural 
similarities,  such  as  the  absence  of  elongate  caniniform  teeth,  an 
elevated  craniomandibular  joint,  elongated  pterygoid  flanges,  and 
unusually  oriented  lateral  pterygoid  muscles,  support  the  derivation 
of  Bradypus  from  the  megatheriid  ground  sloth  lineage  with  Noth- 
rotheriops. and  also  the  structural  but  not  functional  distinction  from 
Choloepus.  which  is  probably  more  closely  related  to  the  megalo- 
nychid  ground  sloth  lineage. 


INTRODUCTION 

The  genus  Nothrotheriops  from  the  Pleistocene  of  North 
America,  belongs  to  the  Megatheriidae,  one  of  three  extinct 
ground  sloth  families  recognized  by  Simpson  (1945).  These 
families  are  distinct  morphologically,  and  differ  greatly  (es- 
pecially in  locomotor  habits)  from  Recent  tree  sloths.  Sloths 
are  herbivorous,  feeding  primarily  upon  leaves  (Montgomery 
and  Sunquist,  1978),  although  some  species  may  have  in- 
gested grasses  and  fruits.  Martin  et  al.  (1961)  and  Hansen 
(1978)  have  shown  that  the  diet  of  Nothrotheriops  was  varied. 
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including  72  genera  of  herbaceous  and  woody  plants  as  well 
as  grasses. 

CRANIAL  ANATOMICAL  TRENDS 
IN  PILOSANS 

Before  considering  functional  patterns  in  sloth  cranial  mus- 
cles it  is  important  to  review  the  xenarthran  structural  in- 
heritance. Several  authors  (Hirschfeld,  1976;  Hirschfeld  and 
Webb,  1968;  Winge,  1941;  Patterson  and  Pascual,  1972; 
Webb,  1985)  suggest  that  early  xenarthrans  were  primarily 
insectivorous,  and  that  specializations  for  insectivory  re- 
stricted later  herbivorous  members  of  the  group  from  de- 
veloping a typical  herbivore  feeding  apparatus. 

The  earliest  known  (Oligocene)  sloths  were  herbivores,  al- 
though they  retained  influences  derived  from  insectivorous 
or  myrmecophagous  xenarthrans.  Some  of  the  important 
characters  were:  (1)  greatly  elongated  skulls,  particularly  in 
the  nasal  region;  (2)  a reduced  zygomatic  arch,  including  loss 
of  the  anterior-posterior  connection;  (3)  reduction  of  the 
importance  of  mastication;  (4)  loss  of  tooth  enamel;  (5)  sim- 
plification of  tooth  shape;  (6)  reduction  in  tooth  number  with 
the  loss  more  complete  anteriorly;  and  (7)  a rather  small 
buccal  opening  to  prevent  accidental  loss  of  live  prey  by 
insectivorous  animals. 

Tongue  elongation  in  all  living  xenarthran  groups  (Naples, 
1985b;  Reeve,  1939;  Owen,  1854;  Macalister,  1875;  Mont- 
gomery, 1985)  and  its  precise  control  by  large  tongue  and 
hyoid  muscles,  as  in  Recent  tree  sloths  (Naples,  1986)  en- 
abled early  insectivorous  xenarthrans  to  ingest  many  rapidly 
moving  aggressive  insects  in  as  short  a period  of  time  as 
possible  (Montgomery,  1985).  The  ability  to  protrude  the 
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tongue  far  from  the  mouth  enhanced  prey  capture  in  insec- 
tivorous xenarthrans  (Montgomery,  1985).  Tongue  elonga- 
tion was  accommodated  by  nasal  elongation,  which  became 
extreme  in  the  xenarthran  anteater  lineage,  culminating  in 
Myrmecophaga,  the  largest  xenarthran  anteater,  with  a nasal 
region  twice  as  long  as  the  skull  posterior  to  the  eye  (Reeve, 
1939).  The  narrow  anterior  nasal  region  provides  an  excellent 
channel  through  which  the  tongue  can  be  aimed  precisely. 
Observations  show  that  anteaters  swallow  their  prey  whole 
(Montgomery,  pers.  commun.)  and  rhythmic  contractions  of 
the  lateral  walls  of  the  elongate  buccal  region  convey  insects 
toward  the  pharynx  (Naples,  1985b).  Although  extreme  de- 
velopment of  these  characters  was  unlikely  in  sloths’  ante- 
cedents, their  degree  of  specialization  was  influential  in  lim- 
iting facial  adaptability  when  the  protosloth  lineage  acquired 
tendencies  toward  herbivory. 

Many  anatomic  trends  shown  by  insectivorous  xenar- 
thrans were  modified  or  reversed  in  animals  that  became 
herbivorous.  For  adequate  digestion,  leafy  material  must  be 
cut  into  pieces  fine  enough  to  increase  surface  area  sufficiently 
for  enzymatic  breakdown.  Additionally,  food  must  remain 
in  the  intestinal  tract  long  enough  for  the  nutrients  to  be 
absorbed.  Leaves  require  more  initial  mechanical  breakdown 
than  insects,  and  therefore  herbivorous  xenarthrans  need  to 
chew  rather  than  merely  to  swallow  food,  and  to  retain  it 
longer  for  digestive  processing.  Recent  tree  sloths  defecate 
approximately  once  per  week,  and  thus  retain  foodstuffs  for 
a long  time  in  the  intestinal  tract  (Beebe,  1 926;  Britton,  1941; 
Goffart,  1971;  Montgomery  and  Sunquist,  1975). 

Xenarthrans  lost  enamel  covering  the  teeth  early  in  their 
history,  but  many  fossil  and  Recent  armadillos  as  well  as 
ground  and  tree  sloths  have  hard  dentine  surrounding  the 
softer  central  dentine  in  their  teeth.  The  differential  dentine 
hardness  allows  formation  of  more  resistant  cutting  edges 
separated  by  basins.  Although  most  sloth  genera  retain  sim- 
ple-shaped teeth,  they  become  larger  in  some  lineages.  In 
sloths  all  teeth  are  open-rooted,  and  some  forms  have  con- 
tinually sharpened  caniniform  teeth. 

In  the  herbivorous  pilosan  lineage  the  typical  small  myr- 
mecophagous  or  partially  myrmecophagous  buccal  opening 
was  enlarged  for  ingesting  bulky  leafy  foods.  Concurrently, 
the  change  toward  herbivory  reduced  the  importance  of  an 
extremely  elongate  tongue.  However,  the  sloth  lineage  did 
retain  large  tongues  important  to  tree  sloths  in  food  acqui- 
sition. X-ray  cinematography  and  observation  by  the  author 
reveal  that  sloths  also  manipulate  foods  extensively  inside 
the  mouth  and  against  the  mandibular  predental  spout  with 
the  tongue.  Sloths  have  large,  ossified,  fused  hyoid  bones, 
moved  by  large,  specialized  muscles  (Naples,  1986).  In  com- 
parison with  Recent  anteaters,  sloth  masticatory  muscles  are 
larger  and  specialized  to  provide  stronger  bite  forces  at  the 
teeth  within  the  confines  of  the  pilosan  structural  inheritance. 

A RATIONALE  FOR  MUSCLE 
RECONSTRUCTION 

Postulation  of  feeding  mechanisms  in  Nothrotheriops  re- 
quires cranial  muscle  reconstruction.  Barghusen  (1973)  sug- 


gested that  muscle  reconstructions  depend  upon  knowledge 
of  muscle  differentiation,  distribution,  and  attachment  pat- 
terns in  living  animals.  Therefore  the  significance  of  cranial 
muscle  scars  in  Nothrotheriops  was  determined  from  com- 
parison with  Recent  tree  sloths.  Crania  of  both  genera  of 
Recent  sloth  were  dissected  (Sicher,  1944),  and  the  internal 
architecture  of  the  masticatory  muscles  determined  (Naples, 
1985a,  1986).  Although  the  relationship  between  Recent  and 
fossil  sloths  remains  unclear,  similarities  in  cranial  structure 
between  these  groups  serve  as  a basis  for  interpreting  fossil 
sloth  morphology.  Structurally,  Nothrotheriops  crania,  resem- 
ble the  Recent  tree  sloth  genus  Bradypus;  both  show  simi- 
larities in  general  skull  shape  and  lack  caniniform  teeth.  The 
masticatory  muscles  left  extensive  scars  of  origin  and  inser- 
tion upon  sloth  crania,  allowing  detailed  muscular  recon- 
struction. Other  muscles  were  less  easily  interpreted  because 
muscle  scars  were  uninformative,  nonexistent  (superficial  fa- 
cial muscles),  or  the  bony  elements  were  unavailable  for  study 
(tongue  and  hyoid  muscles).  Therefore  few  superficial  facial 
or  tongue  and  hyoid  muscles  will  be  considered. 

A preliminary  report  on  the  masticatory  musculature  in 
Nothrotheriops shastense  was  presented  at  the  annual  meeting 
of  the  Society  of  Vertebrate  Paleontology,  1978,  in  Toronto, 
Ontario.  Further  studies  of  these  fossils  were  subsequently 
postponed  until  completion  of  comparative  structural  and 
functional  studies  of  the  crania  in  Recent  tree  sloths  (Naples, 
1982,  1985a,  1985b,  1986). 

MATERIALS  AND  METHODS 

Nothrotheriops  specimens  examined  in  this  study  were  re- 
covered from  the  Rancho  La  Brea  tar  deposits  and  housed 
in  the  Page  Museum  of  La  Brea  Discoveries,  Los  Angeles. 
One  additional  well-preserved  specimen  on  display  at  the 
Yale  Peabody  Museum  of  Natural  History,  New  Haven,  was 
studied  (Table  1 ).  Muscle  terminology  agrees  with  other  stud- 
ies of  Recent  tree  sloths  (Naples,  1982,  1985a,  1985b,  1986), 
and  names  of  muscles  and  their  parts  have  been  homologized 
with  those  in  the  older  literature.  Muscle  and  muscle  segment 
identifications  in  Recent  sloths  were  determined  by  tracing 
innervations  in  several  specimens.  For  muscular  reconstruc- 
tion in  the  fossils  the  same  innervations  have  been  assumed, 
although  the  paths  cannot  be  traced.  Muscles  reconstructed 
in  Nothrotheriops  are  listed  (Table  2)  according  to  the  ar- 
rangement of  muscle  groups  based  upon  common  or  ho- 
mologous innervation  in  the  Recent  tree  sloths. 

In  predicting  the  distance  to  which  Nothrotheriops  could 
gape,  the  degree  of  muscle  fiber  stretch  was  estimated.  Al- 
though actual  muscle  fibers  were  unavailable,  an  estimate  of 
fiber  length  was  obtained  by  measuring  the  distance  between 
the  center  of  the  scars  of  origin  and  insertion.  Such  an  esti- 
mate in  Nothrotheriops  may  be  fairly  accurate  because  coun- 
terparts of  these  muscles  in  the  tree  sloths  were  long-fibered 
or  largely  strap-like.  These  distances  for  muscle  fiber  stretch 
in  Nothrotheriops  are  essentially  the  maxima,  and  so  these 
data  predict  maximum  gape.  The  distance  that  muscle  fibers 
can  stretch  without  incurring  damage  is  approximately  1.4 
times  their  resting  length  for  parallel  fibered  muscles  and 
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Table  1.  List  of  specimens  examined  for  this  study.  Specimen  location  designations  are:  LACMHC,  Page  Museum  of  La  Brea  Discoveries; 
LACM(CIT)  Los  Angeles  County  Museum  of  Natural  History  received  from  California  Institute  of  Technology;  192— San  Josecito  Cave, 
Nueva  Leon,  Mexico;  1009— Shelter  Cave. 


Nothrotheriops  shastense 

Specimen 

Catalogue  number 

Adult  skull 

1800-2  (LACMHC  165) 

Adult  skull,  complete,  some  teeth 

1800-3  (LACMHC  632) 

Adult  skull,  complete,  with  teeth 

1800-4  (LACMHC  313) 

Adult  skull,  complete,  some  teeth 

1800-5  (LACMHC  634) 

Adult  skull,  sectioned  midsagittally 

1800-6 

Adult  skull,  posterior  only 

1800-7  (LACMHC  203) 

Juvenile  skull,  posterior  only 

1800-8 

Large  juvenile  maxillae 

1800-9  (LACMHC  641) 

Large  juvenile  maxillae 

1800-10 

Adult  skull,  complete,  all  teeth  present 

1800-1 1 (LACMHC  208) 

Young  juvenile,  left  maxilla 

192-15143  LACM(CIT) 

Juvenile  maxilla 

lOlO-S-5-6 

Adult  right  and  half  left  rami 

1801-R-l  (LACMHC  418) 

Associated 

[ Adult  left  ramus  fragment  with  teeth 

1801-L-2  (LACMHC  456) 

1 Adult  right  dentary,  almost  complete 

1801-R-2  (LACMHC  456) 

Associated 

1 Adult  left  dentary,  lacking  teeth 

1801-L-3  (LACMHC  636) 

1 Adult  right  dentary  with  third  molariform 

1801-R-3  (LACMHC  636) 

Associated 

1 Adult  left  ramus  fragment  with  teeth 

1801-L-4  (LACMHC  638) 

1 Adult  right  ramus  fragment  with  teeth 

1801-R-4  (LACMHC  637) 

Associated 

1 Adult  left  ramus 

1 Adult  right  ramus 

1801-L-5  (LACMHC  166) 

1801-R-5  (LACMHC  166) 

Adult  left  ramus  with  teeth 

1801-L-6 

Complete  adult  mandible  with  teeth 

1801-7  (LACMHC  203) 

Associated 

[ Juvenile  right  ramus  with  teeth 

1 Juvenile  left  ramus  with  teeth 

1009-21749  (LACM) 

1009-21750  (LACM) 

approximately  twice  the  resting  length  for  multipinnate  mus- 
cles (Carlsoo,  1942).  Quantification  of  the  effect  of  masti- 
catory muscle  orientation  on  gape  was  determined  using  the 
method  of  Herring  and  Herring  ( 1 974).  This  method  predicts 
the  distance  to  which  a muscle  segment  must  stretch  to  enable 
the  animal  to  achieve  a given  angle  of  mandibular  rotation. 
The  equation  for  this  calculation  is: 

/l^\  _ a'  + b-  — 2ab  cos(0  -I-  cp) 

\ 1 / a-  + b-  - 2ab  cos  cp 

The  stretch  factor  for  each  muscle  (the  ratio  L/1)  is  the  pos- 
itive square  root  of  the  equation.  The  values  of  the  variables 
are:  a = length  from  the  muscle  origin  to  the  craniomandib- 
ular  joint  (CMJ),  b = length  from  the  insertion  to  the  CMJ, 
(p  = angle  between  a and  b,  L = length  of  the  muscle  with 
the  mandible  closed  and  1 = length  of  the  muscle  with  the 
mandible  opened  to  angle  6. 

The  teeth  used  to  determine  dental  structure  and  mandib- 
ular movement  patterns  were  located  in  situ  in  skulls  and 
mandibles  or  were  assignable  to  location  based  upon  char- 


acters determined  in  this  study.  Details  of  tooth  wear  were 
studied  using  a boom-mounted  Nikon  binocular  dissection 
microscope,  illuminated  by  a variable  intensity  Nikon  trans- 
former. Teeth  were  examined  under  continuously  variable 
magnifications  from  8 to  40  x.  The  examination  revealed 
fine  striations,  grooves,  and  irregularities  in  structure  made 
by  tooth-tooth  contact,  tooth-food  contact  or  damage  caused 
by  non-food  objects  included  with  foods,  or  otherwise  intro- 
duced into  the  oral  cavity. 

RESULTS 

CRANIAL  OSTEOLOGY 

Sloth  crania  have  a character  suite  that  distinguishes  them 
from  other  mammals:  (1)  reduced,  non-tooth-bearing  pre- 
maxilla; (2)  lengthened  maxilla;  (3)  reduced  dentitions  lack- 
ing enamel;  (4)  persistently  growing  teeth;  (5)  often  incom- 
plete zygomatic  arches;  (6)  elaborated  descending  and 
sometimes  ascending  zygomatic  processes;  (7)  pterygoid  bones 
with  elongate  flanges  or  inflated  sinuses;  (8)  fused  mandibular 
symphyses;  and  (9)  often  an  elongate  predental  mandibular 
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spout.  Although  all  sloths  possess  some  of  these  characters, 
no  genus  shows  all,  and  character  combinations  differ  widely 
among  the  three  lineages  (Mylodontidae,  Megalonychidae, 
and  Megatheriidae).  Additionally,  structural  details  of  many 
characters  differ  among  groups  as  well  as  within  a single 
lineage.  Many  authors  (Simpson,  1945;  Scott,  1937;  Winge, 
1941;  Patterson  and  Pascual,  1972;  Stock,  1925;  Romer, 
1966;  Engelmann,  1985;  Webb,  1985)  have  discussed  sloth 
phylogenetic  relationships  but  few  studies  have  focused  on 
the  functional  implications  of  cranial  structure.  Only  unusual 
cranial  characters  that  may  contribute  to  understanding  the 
relationship  of  structure  to  function  in  Nothrotheriops  are 
included  here. 

Premaxilla  and  Predental  Spout 

In  Nothrotheriops  the  premaxillae  are  reduced,  non-tooth- 
bearing,  and  poorly  fused  both  at  the  midline  and  maxilla, 
and  consist  mostly  of  a pair  of  slender,  elongated  bony  pro- 
cesses projecting  anteriorly  from  the  maxillae  in  the  palatal 
plane.  None  of  the  specimens  examined  had  intact  premax- 
illae; however,  several  isolated  elements  were  available.  The 
anterior  facial  region  in  Nothrotheriops  is  long  because  of  the 
maxilla;  however,  restoration  of  the  premaxillae  in  proper 
position  further  exaggerates  this  elongation.  In  contrast,  both 
tree  sloths  have  relatively  short  faces,  with  small,  arrowhead- 
shaped premaxillae.  Facial  shortening  is  extreme  in  Brady- 
pus,  which  also  has  nasal  and  maxillary  bones  of  reduced 
length  (Naples,  1982). 

Correlated  with  the  long  anterior  nasal  region  and  ex- 
tremely large  nasal  opening  in  Nothrotheriops  is  the  elongate 
predental  mandibular  spout,  which  extends  the  symphysial 
area  anteriorly.  In  Nothrotheriops  the  spout  portions  of  the 
mandibular  rami  meet  to  form  a channel  the  width  of  the 
distance  between  the  tooth  rows  through  which  the  sloth 
could  protrude  the  tongue  with  little  mandibular  depression. 
The  extensive  use  of  the  tongue  by  tree  sloths  in  food  gath- 
ering has  been  documented  (Naples,  1982,  1985a,  1986);  this 
was  probably  true  for  Nothrotheriops  and  other  ground  sloths 
also.  Predental  spout  morphology  varies  greatly,  including 
sloths  with  elongate,  narrow  spouts  {Nothrotheriops,  Schis- 
motherium.  Megatherium,  and  Acratocnus),  short  broad 
spouts  (Glossotherium  and  Lestodon),  short  narrow  spouts 
{Choloepus  and  Megalonyx)  or  greatly  reduced  spouts  (Brad- 
ypus). 

Zygomatic  Arch  and  Cranial  Ligaments 

The  zygomatic  arch  in  Nothrotheriops  shastense  shows  an 
ascending  process  projecting  posterodorsally  and  a descend- 
ing process  projecting  ventrally  and  veering  posteriorly  to- 
ward the  tip  (Fig.  lA).  In  comparison,  the  ascending  zygo- 
matic process  in  Choloepus  projects  more  posteriorly  than 
dorsally,  although  the  shape  and  orientation  of  the  descend- 
ing process  is  similar.  The  ascending  process  in  Bradypus  is 
similar  in  shape  and  orientation  to  that  of  Nothrotheriops 
while  the  descending  process  is  relatively  longer  and  more 
slender  (Fig.  3F).  The  squamosal  portion  of  the  temporal 
bone  in  Nothrotheriops  is  long  and  slender  and  almost  con- 


tacts a notch  in  the  zygomatic  bone  anteriorly.  In  life  this 
region  was  probably  an  unfused  suture.  In  contrast,  a larger 
space  separates  the  anterior  and  posterior  zygomatic  arch 
processes  in  Choloepus  ax\d  Bradypus.  In  Choloepus  Xht  squa- 
mosal process  shape  resembles  that  of  Nothrotheriops:  in 
Bradypus  the  squamosal  process  is  more  robust. 

Judging  from  tree  sloth  anatomy  a postorbital  and  zygo- 
matic arch  ligament  covering  the  ascending  portion  of  the 
zygomatic  arch  in  Nothrotheriops  arose  from  the  postorbital 
process  anteriorly  and  attached  to  the  upper  one-third  of  the 
anterior  border  of  the  ascending  zygomatic  process  poste- 
riorly (Fig.  lA).  Scars  indicate  that  the  postorbital  ligament 
origin  in  Nothrotheriops  was  narrow  anteroposteriorly  (ap- 
proximately 20  to  25  mm  in  available  specimens).  The  pos- 
terior edge  of  the  ligament  passed  from  the  rear  of  the  post- 
orbital crest  to  cover  the  superficial  surface  of  the  ascending 
zygomatic  process  to  the  tip.  From  there  it  continued  pos- 
teriorly to  attach  along  the  anterior  two-thirds  of  the  dorsal 
border  of  the  squamosal  process  of  the  temporal  bone,  an 
orientation  and  arrangement  as  in  Bradypus.  In  Choloepus 
the  ligamentous  attachments  are  similar;  however,  the  upper 
process  projects  posteriorly,  altering  the  size,  shape,  and  ori- 
entation of  the  ligament. 

Structure  of  the  Craniomandibular  Joint  (CMJ) 

In  Nothrotheriops  the  glenoid  fossa  is  a shallow  and  antero- 
posteriorly elongate  groove  that  conforms  loosely  to  the  shape 
of  the  articular  surface  of  the  mandibular  condyle  (Fig.  IE). 
The  glenoid  fossa  permits  anteroposterior  condylar  move- 
ment, although,  mediolateral  condylar  movement  is  restrict- 
ed. The  lateral  restriction  is  produced  by  a ventral  ridge  on 
the  squamosal  process  of  the  temporal  bone.  Medially,  con- 
dylar movement  is  restricted  by  the  curved  temporal  surface, 
buttressed  by  a thickening  at  the  temporal-pterygoid  suture 
(Fig.  IE).  The  mandibular  condyle  is  oval  with  the  long  axis 
oriented  anteroposteriorly  (Fig.  1 C-1 E).  The  surface  is  rough- 
ened with  small  medial  and  larger  lateral  articular  areas. 

The  CMJ  in  Choloepus  differs  from  that  of  Nothrotheriops 
by  being  wider  mediolaterally  than  anteroposteriorly,  with  a 
less  pronounced  lateral  temporal  ridge  and  no  medial  re- 
striction. The  condylar  head  in  Choloepus  resembles  that  of 
Nothrotheriops,  with  two  articular  surfaces  oriented  perpen- 
dicular to  one  another,  although  in  Choloepus  these  surfaces 
are  frequently  separated  by  a distinct  anteroposterior  groove, 
a derived  condition  lacking  in  Nothrotheriops. 

In  Bradypus  the  CMJ  generally  resembles  that  of  Noth- 
rotheriops, although  in  Bradypus  the  condylar  head  and  gle- 
noid fossa  are  longer  anteroposteriorly  and  the  condyle  has 
a single  articular  surface  (the  primitive  condition).  Both 
Nothrotheriops  and  Bradypus  have  a medial  anteroposterior 
ridge  formed  by  a raised  temporal  area.  The  temporal-pter- 
ygoid suture  in  tree  sloths  is  more  ventral  than  in  Nothro- 
theriops and  distinct  from  the  medial  ridge. 

In  Nothrotheriops  the  upper  and  lower  tooth  rows  are  equi- 
distant from  the  CMJ,  allowing  simultaneous  occlusion  along 
the  tooth  row  (Greaves,  1 974),  and  the  CMJ  is  elevated  above 
the  occlusal  plane.  The  CMJ  location  in  Nothrotheriops  dif- 
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Figure  1.  The  skull  (LACM  1800-1)  and  mandible  (LACM  1801-7)  of  Nothrotheriops  in  lateral  view,  showing  the  ascending  and  descending 
processes  of  the  anterior  (zygomatic)  and  the  posterior  (temporal)  portion  of  the  zygomatic  arch  and  connecting  ligaments.  Although  closely 
apposed,  the  anterior  and  posterior  zygomatic  arch  portions  do  not  become  fused,  even  in  aged  specimens.  In  some  specimens  there  was 
probably  a thickening  of  the  zygomatic  arch  ligament  between  the  “zygomatic  notch”  and  the  temporal  process.  The  circled  area  (IB)  is  an 
enlargement  of  the  craniomandibular  joint  (CMJ).  The  temporal  process  is  drawn  as  though  transparent,  and  the  profile  of  the  glenoid  fossa 
shown  as  a dashed  line.  The  articular  capsule  ligaments  have  been  restored  based  upon  comparisons  with  tree  sloth  morphology.  Tree  sloths 
lack  an  articular  disk;  therefore  none  was  restored  in  Nothrotheriops.  The  lateral,  medial,  and  dorsal  surfaces  of  the  mandibular  condyle  are 
shown  in  1C,  ID,  and  IE,  respectively.  The  glenoid  fossa  in  ventral  view  is  also  shown  in  IE.  A dashed  line  depicts  the  bony  ridge  (obscured 
by  the  pterygoid  sinus  inflation  posteriorly)  that  limits  the  amount  of  medial  movement  of  the  mandibular  condyle. 


fers  from  that  of  Choloepus  in  which  the  CMJ  lies  on  the 
occlusal  plane  but  is  similar  to  that  of  Bradypus. 

The  Pterygoid  Region  (Fig.  1 E) 

In  Nothrotheriops  the  pterygoid  is  peculiarly  modified  when 
compared  to  other  mammals  (Stock,  1925;  Turnbull,  1970). 
Anteriorly  the  pterygoid  has  a ventrally  expanded  flange  which 
shows  scars  of  muscle  origin.  Posteriorly  the  bone  is  inflated 
and  the  sinus  has  a ventral  opening.  Diversity  in  pterygoid 
structure  is  common  among  sloths.  For  example,  Choloepus 


has  posteriorly  expanded  pterygoid  sinuses,  while  flanges  in 
Bradypus  are  ventrally  expanded.  Nothrotheriops  is  unusual 
in  showing  both  pterygoid  specializations. 

DENTAL  MORPHOLOGY  AND  OCCLUSION 

In  comparison  to  other  herbivorous  mammals,  sloths  have 
a reduced  dentition  of  unknown  ontogeny  and  homology. 
Sloth  teeth  are  simple  cylinders  that  grow  throughout  life. 
Sloths  lack  a deciduous  dentition  (Parker,  1885),  and  the 
teeth  erupt  as  small  rounded  cones  prior  to  birth  (Naples, 
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1982).  Sloth  teeth  lack  enamel  (Romer,  1966)  although  dif- 
ferential wear  of  a harder  outer  dentine  layer  and  a softer 
inner  one  allows  formation  of  “cusps”  (Naples,  1981,  1982). 
As  young  sloths  grow,  the  conical  tooth  tips  are  worn  away, 
exposing  a tooth  equal  in  size  from  occlusal  surface  to  root. 
Sloth  teeth  acquire  individual  characteristics,  with  basins 
deepening  and  cutting  edges  of  the  hard  outer  dentine  layer 
becoming  sharper  through  wear.  In  aged  adults  the  tooth 
basins  are  the  deepest  and  the  hard  dentine  “cusps”  the 
sharpest  edged. 

In  Nothrotheriops  the  dentition  is  reduced  (i.e.,  specialized) 
when  compared  with  the  tree  sloths  (Naples,  1982)  and  with 
some  other  related  fossil  forms  such  as  Hapalops  longiceps 
Scott  (Stock,  1925)  and  Megatherium  americanum  (Scott, 
1937),  because  Nothrotheriops  lacks  the  typical  anterior  chis- 
el or  peg-shaped  teeth.  The  dental  formula  for  the  cheek  teeth 


in  Nothrotheriops  is:  -.  The  cheek  teeth  are  trapezoidal,  and 


generally  reminiscent  of  those  of  tree  sloths.  A description 
of  cheek  tooth  structure  in  Nothrotheriops  has  been  presented 
elsewhere  (Stock,  1925),  but  without  discussion  of  occlusal 
relationships  or  wear  facet  formation  patterns.  Occlusal  re- 
lationships are  of  particular  importance  in  sloths,  because 
the  tooth  cutting  surface  shape  is  determined  by  mandibular 
movement  patterns  wearing  the  hard  and  soft  areas  of  dentine 
(Fig.  2A;  Naples,  1981).  In  Nothrotheriops  cheek  teeth  the 
outer  layer  of  hard  dentine  is  thickest  on  the  posterior  faces, 
only  slightly  less  so  on  the  anterior  faces,  much  thinner  on 
both  labial  and  lingual  surfaces,  the  lingual  faces  being  thin- 
nest (Stock,  1925).  In  Nothrotheriops  the  mandibular  cheek 
teeth  occlude  between  the  maxillary  ones,  as  is  typical  of 
most  mammals  (Romer,  1966).  In  contrast  to  most  other 
mammals,  however,  the  reduced  number  of  maxillary  cheek 
teeth  in  Nothrotheriops  precede  the  mandibular  ones  by  half 
a tooth  length,  a derived  character  shared  with  tree  sloths 
and  various  other  fossil  sloth  genera  such  as  Glossotherium, 
Hapalops  (Stock,  1925),  Megalonyx  (Hirschfeld  and  Webb, 
1968),  Mylodon  (Owen,  1842),  and  Acratocnus  (Anthony, 
1918).  During  occlusion  in  Nothrotheriops  M‘  (notation  as 
in  Naples,  1982;  M equals  molariform  and  does  not  imply 
homology  as  is  usual  with  such  abbreviations  and  symbols), 
occludes  with  M,;  the  anterior  ridge  of  M,  (enclosed  within 
the  basin  of  M'  during  intercuspation)  contacts  the  anterior 
wall  of  the  M'  basin  when  the  mandible  is  shifted  anteriorly 
(Fig.  2B).  When  the  mandible  is  shifted  posteriorly,  the  large 
posterior  ridge  of  M,  contacts  the  anterior  surface  of  M’  (Fig. 
2C).  The  basin  and  anterior  ridge  of  M,  fits  into  the  basin 
of  M-  when  the  mandible  is  located  anteriorly;  as  the  man- 
dible shifts  posteriorly,  the  posterior  edge  of  M,  is  brought 
into  contact  with  the  anterior  face  of  M-\  Similarly,  the  an- 
terior edge  and  basin  of  Mj  fit  within  the  basin  of  when 
the  mandible  is  positioned  anteriorly.  Only  when  the  man- 
dible is  shifted  posteriorly  does  the  rear  face  of  M,  come  into 
contact  with  the  single  sloping  surface  of  M^.  In  none  of  the 
specimens  examined  (Table  1)  was  it  possible  to  maintain 
simultaneous  contact  between  tooth  basins  and  posterior  cut- 
ting faces,  suggesting  that  anteroposterior  mandibular  move- 
ment was  responsible  for  wear  surface  formation  (Fig.  2A). 


Similar  anteroposterior  mandibular  shifting  has  been  ob- 
served in  the  tree  sloths  (Naples,  1981,  1982),  where  man- 
dibular positioning  controlled  both  the  proper  apposition  of 
cheek  teeth  and  whether  or  not  the  anterior  teeth  occluded 
for  biting  or  sharpening  of  wear  facets. 

The  first  maxillary  cheek  tooth  (M')  in  Nothrotheriops  is 
trapezoidal,  with  a slightly  longer  anteroposterior  lingual  face; 
it  is  slightly  wider  than  long  anteroposteriorly  and  smaller 
than  and  (Stock,  1925;  Fig.  2A,  2D).  The  M‘  is  as 
wide  as  M^,  although  M'*  is  shorter  anteroposteriorly  with  a 
single  central  anterolingually  inclined  soft  dentine  basin  sur- 
rounded by  a harder  outer  dentine  layer.  The  hard  outer  shell 
on  the  anterior  face  of  M‘  in  most  specimens  was  chipped 
and  broken  away  from  the  softer  inner  core.  This  damage 
may  have  resulted  from:  (1)  percussion  of  the  anterior  edge 
of  M|  onto  the  edge  of  M'  (which  could  have  weakened 
support  for  the  anterior  edge  of  the  tooth  as  the  central  basin 
deepened),  (2)  the  initial  dental  handling  of  sharp  or  hard- 
edged  foodstuffs,  or  (3)  postdepositional  damage  to  the  an- 
terior of  the  tooth  rows.  In  undamaged  specimens,  the  leading 
edge  of  hard  dentine  lacked  anterior  or  breakage  wear  facets; 
frequently,  however,  a pair  of  “cusps”  was  formed  on  the 
labial  and  lingual  aspects.  The  hard  dentine  shell  surrounding 
the  central  basin  was  typically  little  worn,  sharp  edged,  some- 
times pointed  anterolabially,  and  worn  away  deeply  postero- 
lingually.  The  posterior  edge  of  the  hard  outer  dentine  layer 
was  typically  worn  into  a sharp  ridge,  higher  labially  than 
lingually,  but  arising  smoothly  anteriorly  from  the  central 
basin.  There  was  no  distinct  wear  facet  facing  posteriorly, 
although  the  edge  of  the  hard  outer  dentine  curved  slightly 
anteriorly  toward  the  ridge  at  the  crown.  Many  M'  specimens 
showed  a slight  groove  crossing  the  central  basin  from  mid- 
labial to  midlingual  indicating  the  orientation  of  movements 
of  the  hard  outer  edges  of  M,  across  the  basin  (Fig.  2 A,  2D). 

The  is  about  50  percent  larger  than  M‘,  trapezoid  shaped, 
wider  than  long  anteroposteriorly  and  wider  lingually  than 
labially  (Fig.  2D).  The  closest  that  approaches  to  M'  is 
approximately  three  millimeters.  The  tooth  is  oriented 
squarely  in  the  jaw  anteriorly,  but  because  it  has  a greater 
lingual  length  the  posterior  edge  is  oblique  with  the  labial 
“corner”  anterior  to  the  lingual  “corner.”  The  anterior  face 
of  the  hard  dentine  shell  of  shows  a facet  deeply  worn 
centrally  with  sharp  labial  and  lingual  “cusps”  at  the  “cor- 
ners.” 

The  M-’  is  similar  in  shape  to  although  slightly  shorter 
anteroposteriorly  (Fig.  2D).  The  anterior  face  of  the  outer 
layer  shows  a steep  crescent-shaped  facet  with  labial  and 
lingual  “cusps”  as  described  in  M^,  but  in  these  “cusps,” 
particularly  the  lingual,  are  pointed  and  sharp  edged.  The 
has  a central  basin  which  is  shallow  anteriorly,  especially 
labially,  but  deeper  posteriorly,  particularly  near  the  postero- 
lingual  “comer”  of  the  tooth.  An  arcuate  groove  traverses 
the  basin  from  anterolabial  to  posterolingual,  becoming  more 
pronounced  posterolingually.  Lingually,  the  tooth  shell  shows 
the  anterior  “cusp”  mentioned  earlier,  which  continues  pos- 
teriorly forming  a lower  ridge.  Lingually  the  tooth  shell  is 
more  worn  posteriorly,  steeply  from  the  anterolingual  “cusp.” 
Posteriorly  on  the  shell  forms  a sharp  ridge,  higher  labially 
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Figure  2.  Ventral  views  of  the  maxillary  and  dorsal  views  of  the  mandibular  tooth  rows  in  Nothwtheriops  showing  the  facets  worn  into 
the  dentition  by  the  anteromedially  directed  masticatory  power  stroke  (large  arrow).  The  small  arrows  (2A)  show  the  orientation  of  wear 
striations  on  the  teeth.  Not  all  wear  facets  occluded  simultaneously;  2B  shows  wear  facets  in  occlusion  when  the  mandible  is  positioned 
anteriorly,  and  2C  when  the  mandible  is  positioned  posteriorly.  Occlusal  views  of  the  mandibular  and  maxillary  tooth  rows  are  depicted 
photographically  in  2D  and  2E,  respectively. 


than  lingually.  No  wear  facet  is  formed  on  the  posterior  face. 
The  is  located  slightly  further  away  from  M-  than  M’  is 
from  M'  (a  five  millimeter  gap  at  the  nearest  point  along  the 
midline  of  both  teeth). 

The  M**  is  rectangular  in  contrast  to  the  more  anterior 
maxillary  teeth  and  wider  labiolingually  than  anteroposte- 
riorly  (Fig.  2D).  The  hard  dentine  shell  is  thin  on  all  surfaces 
of  this  tooth.  Anteriorly,  the  labial  and  lingual  tooth  “comer” 
“cusps”  are  worn  down  rather  than  pointed  as  in  the  more 
anterior  cheek  teeth,  and  the  dentine  shell  is  convex  in  the 
middle.  The  central  basin  of  M'*  is  deeper  at  the  labial  and 
lingual  edges  and  more  convex  centrally.  Posteriorly,  the 
dentine  shell  has  rounded  “cusps”  at  the  labial  and  lingual 
“corners”  and  is  slightly  concave  in  the  center.  The  M'*  is 


separated  by  approximately  the  same  distance  (five  milli- 
meters) from  as  is  M-’  from  M-.  The  M'*  is  slightly  oblique 
in  contrast  to  the  more  anterior  cheek  teeth  with  the  long 
axis  slightly  anterolabial  to  posterolingual. 

The  first  mandibular  cheek  tooth  M,  is  trapezoidal  with 
the  anterior  aspect  smaller  than  the  posterior  (Fig.  2E).  The 
anterior  face  typically  is  worn,  but  lacks  a distinct  facet  in 
the  hard  outer  dentine.  Anteriorly,  the  labial  and  lingual 
“corners”  lack  pointed  “cusps,”  and  the  face  is  almost  flat 
labiolingually.  The  central  basin  is  well  worn,  deeper  antero- 
lingually  than  posterolingually.  In  most  specimens  a deep- 
ened groove  traverses  the  central  basin  from  posterolingual 
to  anterolabial  (Fig.  2A,  2E).  The  labial  and  lingual  faces  of 
the  dentine  shell  are  deeply  concave  and  rise  to  a sharp  “cusp” 
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at  the  posterior  “corners.”  The  posterior  face  shows  a cres- 
cent-shaped facet  with  the  wear  surface  tilted  steeply  and 
posteriorly. 

The  Mj  is  similar  to  M,  in  shape  but  is  broader  (Fig.  2E). 
The  anterior  face  is  largely  unworn  lingually,  although  a wear 
facet  appears  on  the  anterolabial  one-third,  forming  from 
contact  with  the  anterolabial  “corner”  of  the  central  basin 
of  M^.  Neither  the  labial  nor  lingual  “corners”  of  the  anterior 
face  of  the  dentine  shell  show  distinct  “cusps.”  The  central 
basin  is  shallow  lingually,  and  deepens  anterolabially.  As  in 
M,  a groove  crosses  from  posterolingual  to  anterolabial.  The 
labial  face  of  M,  is  deeply  worn,  but  rises  at  the  posterior 
“corner”  to  form  a “cusp.”  The  lingual  face  is  shorter  antero- 
posteriorly  than  the  others  and  shows  a much  shallower  con- 
cavity although  there  is  a prominent  “cusp”  posteriorly.  The 
posterior  face  shows  a large  crescent-shaped  “cusp”  facing 
posteriorly.  In  some  specimens  the  angle  at  which  this  face 
is  worn  is  more  steep  (i.e.,  closer  to  vertical)  than  that  of  the 
corresponding  face  of  M,,  although  there  is  some  variability 
among  specimens. 

The  Mj  has  somewhat  more  rounded  “corners”  than  do 
the  other  teeth,  and  is  set  obliquely  in  the  jaw  with  the  longer 
axis  anterolabial  to  posterolingual  (Fig.  2E).  The  anterior  face 
of  this  tooth  is  the  most  worn  of  any  of  the  cheek  teeth, 
especially  labially.  The  labial  face  is  deeply  worn  anteriorly, 
but  rises  posteriorly  to  form  a “cusp”  at  the  posterolabial 
“corner.”  Lingually  the  anterior  face  curves  posteriorly,  and 
a single  sharp  “cusp”  is  formed  posterolingually.  The  central 
basin  is  the  largest  among  the  cheek  teeth,  a rounded  triangle 
with  the  labial  side  shorter  and  flat.  As  in  more  anterior  cheek 
teeth,  the  basin  in  M3  is  shallower  lingually  and  deepens 
anterolabially.  A groove  traverses  this  basin  as  in  the«more 
anterior  teeth,  from  posterolingual  to  anterolabial.  The  pos- 
terior face  of  the  hard  dentine  shell  shows  a deep,  concave, 
crescent-shaped  wear  facet  with  a less  steep  wear  angle  than 
that  of  the  posterior  face  of  M,. 

An  anterior  view  of  correctly  occluded  Nothrotheriops  teeth 
reveals  that  the  tooth  rows  meet  at  a slight  angle.  The  axis 
of  the  smaller,  anterior  M‘  is  slightly  lingual,  while  the  op- 
posite is  true  for  the  larger  more  posterior  teeth.  In  contrast, 
the  mandibular  teeth  are  angled  (5-10  degrees)  lingually. 
Growth  of  the  maxillary  and  mandibular  teeth  at  comple- 
mentary angles  insures  that  the  plane  of  occlusion  is  inclined 
downward  labially,  as  in  other  herbivorous  mammals  (Gysi, 
1921;  Turnbull,  1970;  Greaves,  1978,  1980).  Because  both 
mandibular  and  maxillary  tooth  rows  are  equidistant  from 
the  midline,  teeth  on  both  sides  of  the  head  occlude  simul- 
taneously (Naples,  1981,  1982).  In  lateral  view  the  maxillary 
teeth  show  a distinct  anterior  tilt  while  those  of  the  mandible 
angle  slightly  posteriorly. 

The  teeth  from  several  Nothrotheriops  specimens  were  ex- 
amined microscopically  for  the  presence  and  orientation  of 
wear  striations.  These  teeth  were  either  in  situ  in  the  man- 
dibles or  maxillae  or  identified  according  to  characters  de- 
scribed above.  Anterolabial  to  posterolingual  wear  striations 
were  discernible  in  several  places,  particularly  on  the  hard 
outer  dentine  (Eig.  2A).  Several  authors  (Greaves,  1973; 
Rensberger,  1973;  Costa  and  Greaves,  1981)  have  shown 


that  the  hard  material  at  the  leading  edge  of  the  tooth  will 
form  a smooth  flush  transition  to  the  softer  material  im- 
mediately adjacent,  while  the  softer  material  at  the  trailing 
edge  will  show  a step  in  the  transition  to  the  edge  of  the  hard 
material  following  it.  In  Nothrotheriops  the  smooth  transi- 
tions between  hard  and  soft  dentinal  interfaces  are  located 
posteriorly  in  mandibular  teeth  and  anteriorly  in  maxillary 
teeth  indicating  an  anterior  component  to  the  power  stroke. 
Although  only  arcuate  grooves  traverse  the  surfaces  of  the 
soft  dentine  basins  their  orientation  is  also  consistent  with 
an  anteromedially  directed  masticatory  power  stroke  in 
Nothrotheriops  (Fig.  2A). 

The  grooves  in  each  tooth  basin  show  a flatter  arc  in  M‘ 
and  M,  and  become  more  arcuate  and  angled  in  more  pos- 
terior teeth  (Fig.  2A).  As  observed  by  Gordon  (1982),  the 
transverse  component  of  mandibular  movement  is  relatively 
greater  for  a more  anterior  than  a posterior  molar. 

CRANIAL  MUSCULATURE 

The  muscles  of  mastication  are  supplied  by  the  mandibular 
branch  (V3)  of  the  trigeminal  nerve  in  mammals,  and  the 
branches  of  this  division  in  the  Recent  tree  sloths  reflect  the 
typical  mammalian  pattern  (Naples,  1982,  1985a,  1986). 
Mandibular  nerve  branches  could  not  be  traced  in  Noth- 
rotheriops; however,  the  foramen  ovale  which  can  be  as- 
sumed to  transmit  V3  is  comparable  in  relative  size  and 
position  to  that  in  Recent  tree  sloths. 

Masseter  Musculature 

As  in  many  other  mammals  (Windle  and  Parsons,  1899; 
Schulman,  1906;Toldt,  1906,  1907,  1908;  Edgeworth,  1935; 
Turnbull,  1970)  the  masseter  musculature  in  sloths  is  com- 
plex and  subdivided  in  a unique  pattern  (Sicher,  1944),  which 
consists  of  a M.  masseter  superficialis  and  a M.  masseter 
profunda  (Naples,  1985a).  In  the  tree  sloths  the  M.  masseter 
superficialis  is  divided  into  five  parts  by  tendons  and  fascial 
sheets.  Distinct  scars  for  origin  of  these  segments  occur  on 
the  zygomatic  arches  in  Recent  sloths,  and  ridges  on  the 
lateral  surface  of  the  mandible  divide  the  areas  of  muscle 
segment  insertion. 

In  Nothrotheriops  (Fig.  4A,  4B)  the  scars  are  similar  in 
relative  size  to  those  of  Recent  tree  sloths.  However,  some 
segments  differ  in  relative  position  from  those  of  one  or  both 
of  the  tree  sloths. 

M.  masseter  superficialis,  part  1 (M.  m.  s.-l).  In  Noth- 
rotheriops this  muscle  segment  arose  from  the  posterior  half 
of  the  lateral  surface  of  the  descending  zygomatic  arch  process 
immediately  below  the  anterior  zygomatic  notch.  The  notch 
partially  surrounds  the  anterior  tip  of  the  posterior  zygomatic 
arch  process  (Fig.  4A).  The  origin  is  marked  by  a smooth 
depression  anteriorly,  while  the  posterior  edge  is  slightly 
roughened  and  concave  (Fig.  4A).  The  relative  positions  of 
the  origin  in  tree  sloths  are  similar  to  that  of  Nothrotheriops, 
but  the  former  lack  the  posterior  zygomatic  expansion  and 
notch  for  the  anterior  tip  of  the  posterior  zygomatic  arch 
process.  The  fibers  of  M.  m.  s.-l  pass  posteriorly  almost 
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Figure  3.  Lateral  views  of  the  skull  of  Choloepus  (3A-3C)  and  Bradypus  (3F-3H)  and  the  mandible  of  Choloepus  (3D,  3E)  and  Bradypus 
(31,  3J)  are  shown.  The  muscle  origins  are  from  the  skulls  and  the  insertions  on  mandibles.  The  key  to  the  right  of  the  drawing  shows  the 
muscles  identified  by  different  patterns. 


parallel  to  the  occlusal  plane  of  the  tooth  row  (defined  as 
horizontal  in  future  discussion)  to  insert  into  a rough  surfaced 
depression  laterally  on  the  angular  notch  in  Nothrotheriops 
(Fig.  4B). 

M.  masseter  superficialis,  part  2 (M.  m.  s.-2).  In  Noth- 
rotheriops this  muscle  segment  arises  from  a smooth  depres- 
sion on  the  posterior  half  of  the  zygomatic  process  ventral 
to  that  of  M.  in.  s.-l  (Fig.  4A).  Although  the  origin  may  have 
been  somewhat  tendinous,  muscle  fibers  probably  also  arose 


directly  from  the  depression  as  in  the  tree  sloths.  The  fibers 
passed  posteriorly  to  insert  into  a depression  on  the  lateral 
mandibular  surface  ventral  and  anterior  to  the  insertion  of 
M.  m.  s.-l  (Fig.  4B).  This  arrangement  is  similar  in  Choloepus 
and  Bradypus  (Fig.  3A,  3D,  3F,  31).  In  the  tree  sloths  the 
dorsal  segments  of  the  M.  m.  s.  are  partially  covered  by  fibers 
of  more  ventral  segments,  especially  near  the  insertions;  the 
muscle  has  been  restored  similarly  in  Nothrotheriops  (Fig. 
4C). 
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Figure  4.  The  skull  and  mandible  of  Nothrotheriops  shows  the  origins  (4A),  insertions  (4B)  and  a reconstruction  (4C)  of  the  hve  portions  of 
the  M.  masseter  superficialis,  the  origin  (4D),  insertion  (4E),  and  a reconstruction  (4F)  of  the  M.  masseler  profunda.  The  origin  of  the  M.  m. 
p.  is  from  the  deep  surface  of  the  zygomatic  arch  and  connecting  ligaments  and  is  indicated  as  transparent  (4D)  and  (4F). 


M.  masseter  superficialis,  part  3 (M.  m.  s.-3).  In  Noth- 
rotheriops the  scar  of  origin  is  a smooth  depression  ventral 
to  that  of  M.  m.  s.-2,  and  larger  than  those  of  both  dorsal 
segments  (Fig.  4A).  This  was  the  largest  segment  of  M.  m.  s. 
in  Nothrotheriops,  with  fibers  passing  horizontally  and  pos- 
teriorly to  insert  onto  an  elongate  roughened  ridge  on  the 
lateral  mandibular  surface  ventral  to  the  center  of  the  cor- 
onoid  process  and  posteriorly  to  the  angular  process  tip  (Fig. 
4B).  Because  of  the  relative  position  of  the  origin  of  this 
muscle  segment,  it  has  been  restored  as  bipinnate  as  are  M. 
m.  S.-3  in  Choloepus  and  Bradypus.  In  Choloepus,  the  inser- 
tion of  M.  m.  S.-3  lies  dorsal  to  the  angular  process  tip  and 
the  muscle  segment  is  relatively  smaller.  In  Bradypus  M.  m. 
S.-3  inserts  on  the  angular  process,  encompassing  the  tip,  and 
is  relatively  larger  than  in  Choloepus  but  smaller  than  the  M. 
m.  S.-3  restored  in  Nothrotheriops  in  accord  with  the  differ- 
ences in  proportion  between  the  areas  of  origin  and  insertion 
in  the  tree  sloth  genera.  The  fiber  direction  of  M.  m.  s.-3  in 


tree  sloths  is  approximately  parallel  to  the  plane  of  the  cheek 
teeth,  as  is  also  true  in  Nothrotheriops. 

M.  masseter  superficialis,  part  4 (M.  m.  s.-4)  (Fig.  4A-4C). 
In  Nothrotheriops  this  segment  originates  from  the  most  ven- 
tral depression  on  the  descending  zygomatic  process.  A ridge 
bounds  this  depression  dorsally  and  anteroventrally,  forming 
a thickened  roughened  area  along  the  ventral  edge  of  the 
descending  zygomatic  process  tip,  and  a thin,  smooth,  sharp 
posterior  edge  (Fig.  4A-4C).  Muscle  fibers  passed  horizon- 
tally from  the  posterior  edge  of  the  descending  zygomatic 
process  to  insert  on  a flattened  and  roughened  ventrolateral 
surface  of  the  elongate  mandibular  angular  process  anterior 
and  ventral  to  the  tip  (Fig.  4B).  In  Nothrotheriops  M.  m.  s.-4 
formed  much  of  the  lower  border  of  M.  masseter  superficialis, 
and  therefore  its  bulk  affected  the  cranial  profile.  In  Chol- 
oepus and  Bradypus  this  muscle  segment  arises  by  a single 
tendon,  as  was  likely  in  Nothrotheriops.  In  tree  sloths  the 
segment  is  multipinnate  with  many  internal  fascicles,  as  is 
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logical  in  Nothrotheriops,  considering  the  orientation  and 
probable  large  size  of  the  segment. 

M.  masseter  superficialis,  part  5 (M.  nt.  s.-5).  In  Noth- 
rotheriops, this  segment  arose  from  the  leading  edge  and 
elongate  anteroventral  depression  laterally  on  the  descending 
zygomatic  process.  The  origin  was  bounded  by  raised  ridges 
dorsally  and  posteriorly  and  by  thickened  jugal  process  edges 
anteriorly  and  ventrally  (Fig.  4A).  Fibers  of  this  segment 
passed  ventrally  (approximately  45  degrees  from  horizontal) 
and  posteriorly  to  insert  on  the  lateral  surface  of  the  man- 
dibular ramus  anterior  to  the  insertion  of  M.  m.  s.-4.  Ad- 
ditionally, these  fibers  wrapped  around  the  thickened  ventral 
ramal  edge  carrying  the  insertion  approximately  8 mm  onto 
the  medial  surface.  In  both  Recent  tree  sloths,  and  probably 
in  Nothrotheriops,  M.  m.  s.-5  formed  the  “bulge”  at  the  an- 
terior edge  of  M.  masseter  superficialis.  In  all  three  sloths, 
the  anterior  limit  of  the  insertion  of  M.  m.  s.-5  is  marked  by 
a depression  on  the  lateral  surface  of  the  mandibular  ramus 
anterior  to  the  last  lower  molariform  tooth.  The  depression 
is  crescent-shaped  in  Choloepus  and  Bradypus  (with  poste- 
riorly facing  points)  and  in  Nothrotheriops  the  depression 
edges  are  straight  and  angle  posteroventrally.  In  tree  sloths 
this  segment  is  structurally  complex  with  many  tendons  and 
fascial  planes.  A similarly  complex  structure  would  have  been 
especially  important  in  Nothrotheriops,  as  pinnation  en- 
hances the  ability  of  a muscle  to  stretch  although  at  the 
expense  of  force  (Herring,  1975),  and  this  anteriormost  seg- 
ment with  a short  distance  from  origin  to  insertion  would 
limit  the  degree  to  which  the  mouth  could  open. 

The  structure,  fiber  arrangement,  and  size  of  the  superficial 
masseter  musculature  in  Nothrotheriops  are  generally  similar 
to  those  of  Choloepus  and  Bradypus  (Fig.  4C;  Naples,  1 982). 
However,  the  overall  line  of  action  is  more  horizontal  than 
in  tree  sloths,  and  affects  the  pattern  of  mandibular  move- 
ment in  mastication.  Another  difference  between  the  mas- 
seter complex  in  Nothrotheriops  and  the  tree  sloths  is  that 
the  orientation  of  the  line  of  action  of  M.  m.  s.-5  in  Noth- 
rotheriops departs  greatly  from  that  of  the  other  segments. 
This  arrangement  may  also  affect  the  masticatory  pattern, 
allowing  Nothrotheriops  to  move  the  mandible  with  addi- 
tional force  in  an  anterior  direction  (Naples,  1985a;  Fig.  7 A). 

M.  masseter  pars  profunda  (M.  m.  p.)  (Fig.  4D-4F).  In 
Nothrotheriops  this  muscle  arose  from  the  medial  surface  of 
both  ascending  and  descending  zygomatic  processes  and 
medially  from  the  posterior  portion  of  the  zygomatic  arch. 
The  origin  sites  on  the  zygomatic  are  smooth  depressions, 
while  the  squamosal  origin  of  M.  m.  p.  is  roughened.  Fibers 
insert  ventrally  in  a smooth  oval  depression  bounded  by 
raised  ridges  on  the  lateral  surface  of  the  mandible  dorsal  to 
the  site  of  insertion  of  M.  m.  s.-5.  This  muscle  was  probably 
thin  as  is  true  in  Choloepus  and  Bradypus  with  many  long 
fibers  passing  from  origin  to  insertion,  but  few  tendons.  The 
space  between  the  descending  zygomatic  process  and  the 
mandibular  ramus  in  Nothrotheriops  is  relatively  narrower 
than  in  Bradypus  or  Choloepus  and  probably  also  restricted 
the  thickness  of  the  M.  m.  p.  In  Choloepus,  the  M.  m.  p.  is 
relatively  much  smaller  than  in  Nothrotheriops,  because  of 
the  more  vertical  orientation  and  expansion  of  the  zygomatic 


arch  and  the  more  anteriorly  expanded  insertion  on  the  man- 
dibular ramus  in  Nothrotheriops.  However,  both  Nothrotheri- 
ops and  Choloepus  share  the  direction  of  line  of  action  for 
this  muscle  defined  as  primitive  by  Turnbull  (1970;  Fig.  7A). 
The  M.  m.  p.  in  Bradypus  is  comparable  in  relative  size  to 
that  of  Nothrotheriops,  although  the  lines  of  action  differ 
greatly;  that  of  Bradypus  passes  posterodorsally,  as  a result 
of  the  extreme  shortening  of  the  face,  a derived  condition  in 
this  genus  (Naples,  1985a). 

The  Temporalis  Musculature 

In  Nothrotheriops  muscle  scars  suggest  that  the  temporal  mass 
was  relatively  small,  and  undivided.  Nothrotheriops  lacks  a 
sagittal  crest,  although  the  dorsal  edges  of  the  M.  temporalis 
origin  arise  only  1 5 mm  apart  and  cover  most  of  the  lateral 
and  dorsal  aspects  of  the  frontal  and  parietal  bones  (Fig.  5A). 
The  entire  margin  of  the  origin  is  marked  by  a roughened 
ridge,  anteriorly  from  the  widest  part  of  the  postorbital  pro- 
cess and  supraorbital  foramen,  dorsally  and  posteriorly  to 
curve  ventrally  near  the  caudal  border  of  the  parietal  bone 
to  join  the  dorsal  ridge  of  the  temporal  squamosal  process. 
Muscle  fibers  also  arose  from  the  squamosal  process  medi- 
ally, and  the  groove  between  it  and  the  temporo-parietal 
surface  of  the  skull.  The  ventral  border  of  the  origin  of  M. 
temporalis  was  deep  to  the  zygomatic  arch  from  a roughened 
ridge  passing  anteriorly  along  the  temporo-parietal  suture 
and  then  to  the  frontal.  The  ridge  continues  anteriorly,  and 
expands  ventrally  to  form  a partial  roof  over  the  optic  nerve 
foramen  deep  to  the  anterior  edge  of  the  zygomatic  arch.  The 
raised  surface  then  curves  upward  toward  the  postorbital 
process.  The  muscle  probably  filled  the  posterior  third  of  the 
orbital  fossa.  The  entire  surface  of  the  M.  temporalis  origin 
is  roughened  for  attachment  of  many  small  tendons  or  muscle 
fascicles.  Fibers  passed  ventrally  to  attach  to  the  lateral,  an- 
terior, and  medial  surfaces  of  the  mandibular  coronoid  pro- 
cess. Laterally,  the  coronoid  process  insertion  shows  a pro- 
nounced outwardly  curved  ridge,  especially  dorsally  (Fig.  5C). 
The  line  of  action  of  M.  temporalis  in  Nothrotheriops  was 
approximately  45  degrees  to  the  occlusal  plane  as  in  other 
mammals  (Turnbull,  1970;  Naples,  1985a),  permitting  both 
mandibular  elevation  and  retraction  (Fig.  7A,  7B).  The  M. 
temporalis  in  Nothrotheriops  and  Choloepus  are  similar  in 
relative  size,  shape,  and  line  of  action  although  an  M.  tem- 
poralis superficialis  pars  zygomatica  as  in  Choloepus  cannot 
be  demonstrated  in  Nothrotheriops.  The  structure  of  M.  tem- 
poralis in  Nothrotheriops  resembles  that  of  Bradypus  in  rel- 
ative size  and  shape,  but  the  line  of  action  in  Bradypus  differs 
greatly,  and  has  been  described  as  a derived  character  for 
this  sloth  (Naples,  1985a;  Fig.  3B,  3D,  3G,  31,  3J). 

M.  zygomaticomandibularis  (=M.  temporalis  superficialis 
pars  zygomaticomandibularis;  = M.  z~)  (Fig.  5F-5H).  Evi- 
dence for  the  origin  and  insertion  sites  of  this  muscle  is  less 
clear  in  Nothrotheriops  than  for  muscles  discussed  previ- 
ously. However,  the  ascending  zygomatic  process  is  large  in 
Nothrotheriops,  and  has  a roughened  medial  surface  which 
could  have  been  the  anterodorsal  origin  for  the  M.  z.  The 
ligamentous  connections  as  restored  (Fig.  lA)  would  have 
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Figure  5.  Outlines  of  skull  and  jaw  of  Nothwtheriops.  The  skull  (5A,  5B)  and  mandible  (5C,  5D)  of  Nothrotheriops  shows  the  origin  dorsally 
(5A)  and  laterally  (5B)  of  the  M.  temporalis,  the  lateral  and  medial  aspects  of  the  insertion  (5C  and  5D,  respectively)  and  a reconstruction  of 
the  muscle  (5E).  To  show  the  reconstructed  muscle  fibers  which  pass  deep  to  the  zygomatic  arch  and  its  ligaments  a portion  of  the  zygomatic 
arch  has  been  removed.  The  origin  (5F),  insertion  (5G),  and  reconstruction  (5H)  of  the  M.  zygomaticomandibularis  are  shown.  The  origin  of 
the  M.  z.  is  from  the  deep  surface  of  the  zygomatic  arch  and  its  ligaments  which  are  shown  as  transparent  in  5F  and  5H. 


increased  the  origin  site  area.  Evidence  favoring  reconstruc- 
tion of  this  muscle  derives  from  its  presence  in  both  tree 
sloths,  although  in  Choloepus  the  muscle  is  smaller,  restricted 
in  origin  from  a horizontal  zygomatic  arch  as  in  most  other 
mammals  (Edgeworth,  1935;  Turnbull,  1970).  In  Bradypus, 


the  arch  was  reoriented  (another  derived  condition)  more 
vertically,  greatly  increasing  the  origin  of  the  M.  z.  (Fig.  3H, 
31).  The  zygomatic  arch  orientation  in  Nothrotheriops  resem- 
bled that  in  Bradypus  (Naples,  1 985a),  although  less  extreme; 
therefore  the  muscle  had  a size  and  orientation  between  those 
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Figure  6.  The  origin  (6A),  insertion  in  lateral  view  (6B),  in  dorsal  view  (6C),  and  a reconstruction  (6D)  of  the  M.  pterygoideus  lateralis  (M. 
p.  /.)  upper  and  lower  portions  (M.  p.  1.  u.  and  A/,  p.  I.  /.,  respectively)  are  shown.  In  (6D)  the  zygomatic  portion  of  the  zygomatic  arch  has 
been  removed  and  the  mandible  is  shown  as  transparent.  The  origin  (6E),  insertion  (6F),  and  reconstruction  (6G)  of  M.  pterygoideus  medius 
are  shown,  and  as  in  6D,  the  mandible  in  6G  is  transparent  and  the  muscle  inserts  upon  the  medial  surface. 


of  the  two  tree  sloths.  Fibers  of  this  muscle  in  Nothrotheriops 
passed  ventrally  and  slightly  posteriorly  to  insert  postero- 
dorsally  to  fibers  of  M.  m.  p.  (Fig.  4D-4F).  As  observed  in 
Nothrotheriops  for  M.  m.  p.  the  mediolateral  distance  be- 
tween zygomatic  arch  and  skull  wall  is  small,  restricting  this 
muscle  in  mediolateral  thickness  (Fig.  5A). 

The  Pterygoideus  Musculature  (Fig.  6) 

In  sloths  this  muscle  mass  is  large  relative  to  that  of  other 
mammals,  although  the  division  number  and  muscle  fiber 
arrangement  is  not  unusual  (Edgeworth,  1935;  Toldt,  1906, 
1907,  1908;  Turnbull,  1970;  Naples,  1985a). 

M.  pterygoideus  lateralis,  upper  part  (M.  p.  1.  «.).  In  Noth- 
rotheriops this  muscle  arose  from  an  oval  lateral  fossa  on  the 
ventrally  elongated  pterygoid  flange  with  the  long  axis  an- 


tero ventral  to  posterodorsal.  The  muscle  passed  posterodor- 
sally  to  insert  into  a central  depression  of  the  anterior  edge 
of  the  articular  condyle  at  its  neck  (Fig.  6B,  6C).  In  Choloepus 
and  Bradypus  this  muscle  arises  and  inserts  similarly;  the 
origin  is  more  distinct  in  Nothrotheriops.  Choloepus  and  oth- 
er mammals  (e.g.,  carnivores,  insectivores,  and  artiodactyl 
herbivores,  Turnbull,  1970)  show  the  typical  line  of  action. 
However,  in  Nothrotheriops  the  posterodorsal  fiber  direction 
is  derived,  a condition  also  seen  in  Bradypus,  although  the 
line  of  action  in  the  latter  sloth  is  even  more  vertical  (Naples, 
1985a;  Fig.  3B,  3D,  3G,  3J).  In  the  tree  sloths  the  muscle  is 
thick  and  fleshy,  divided  by  few  internal  fascial  planes  as  was 
assumed  in  Nothrotheriops. 

M.  ptery’goideus  lateralis,  lower  part  (M.  p.  1.  /.).  In  Noth- 
rotheriops this  segment  arose  from  an  elongated  oval  fossa 
posteroventral  to  the  larger  rounder  oval  origin  of  M.  p.  1.  u. 
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Figure  7.  The  skull  and  mandible  in  lateral  view  (7A)  and  in  ventral 
view  the  skull  only  (7B)  of  Nothrotheriops,  show  the  lines  of  action 
of  the  muscles  of  mastication.  Muscle  names  and  their  abbreviations 
are:  A/,  masseter  superficialis  (M.  m.  s.),  M.  masseter  profunda  (M. 
in.  p.),  M.  temporalis  (M.  /.),  A/,  temporalis  pars  zygomaticoman- 
dibitlaris  (M.  z.),  M.  pterygoideus  lateralis  (A/,  p.  /.),  and  M.  ptery- 
goideus  medius  (M.  p.  m.).  The  length  of  the  lines  reflect  the  muscle 
force  resultants. 


(Fig.  6A-6D).  The  line  of  action  was  posterodorsal  also,  but 
more  vertical  than  that  of  the  upper  division.  The  M.  p.  1.  1. 
inserted  into  the  dorsal  edge  of  a flattened  oval  depression 
at  the  anteromedial  edge  of  the  condylar  neck  and  antero- 
ventrally  along  the  medial  surface  of  the  condylar  notch.  In 
Choloepus  and  Bradypus  (Fig.  3B,  3D,  3G,  3J)  this  muscle 
segment  is  fleshy,  and  probably  was  also  in  Nothrotheriops. 
The  posterodorsal  line  of  action  in  Nothrotheriops  differed 
from  that  in  Choloepus.  but  was  similarly,  if  less  vertically 
oriented  than  in  Bradypus.  The  M.  p.  1.  u.  and  the  M.  p.  1.  1. 
were  separate  and  probably  intermediate  in  relative  size  in 
Nothrotheriops  compared  to  the  relatively  small  M.  p.  1.  in 
Choloepus.  and  the  relatively  large  one  in  Bradypus  (Figs. 
3B,  3E,  3G,  3J,  6A-6D). 

In  Choloepus  the  M.  p.  1.  pulled  anteromedially  with  a very 
small  vertical  force  component.  In  Bradypus  the  medial  force 
component  is  greater  than  the  anterior,  but  instead  of  being 
directed  dorsally  the  vertical  force  is  ventrally  directed. 
However,  the  M.  p.  1.  functioned  comparably  in  both  Recent 


sloths  because  the  downward  component  coupled  with  other 
muscular  forces  pulling  the  mandibular  condyle  anterome- 
dially (i.e.,  masseter  and  medial  pterygoid  musculature)  de- 
presses the  condylar  head  slightly.  In  Bradypus  the  condylar 
head  is  pushed  against  an  enlarged  bony  stop  on  the  medial 
glenoid  surface.  Once  in  this  position  bony  resistance  cancels 
further  downward  condylar  motion,  presuming  the  muscles 
are  active  on  both  sides  of  the  head  simultaneously  (Gysi, 
1921;  Herring  et  al.,  1979);  this  mechanism  then  prevents 
condylar  dislocation  (Naples,  1985a).  The  medial  glenoid 
surface  in  Nothrotheriops  had  an  even  better  bony  stop  than 
in  Bradypus;  combined  with  a similar  lateral  bony  stop,  con- 
dylar movement  in  Nothrotheriops  was  more  restricted  me- 
diolaterally  than  in  Bradypus  (Figs.  IE,  6C). 

M.  pterygoideus  medius  (M.  p.  m.).  In  Nothrotheriops,  this 
muscle  arose  laterally  from  the  elongated  pterygoid  flange, 
anterior  to  the  inflation  ventral  and  slightly  posterior  to  the 
origin  of  M.  p.  1.  (Fig.  6E).  Fibers  passed  posteroventrally  to 
insert  medially  into  a fossa  outlined  by  sharp  ridges  on  the 
mandibular  body  and  angle  (Fig.  6F,  6G).  The  M.  p.  m.  in 
Nothrotheriops  was  relatively  larger  than  in  Choloepus,  and 
had  an  anteroposteriorly  directed  line  of  action,  similar  to 
that  in  Bradypus  (Fig.  7A,  7B;  Naples,  1985a).  However,  the 
M.  p.  m.  in  Nothrotheriops  was  relatively  smaller  than  that 
of  Bradypus.  and  the  mandibular  angle  less  elongate  poste- 
riorly. In  the  tree  sloths  the  M.  p.  m.  is  largely  undivided  by 
internal  fascial  planes;  lack  of  attachment  ridges  for  tendons 
at  the  insertion  suggests  that  this  was  also  true  for  Nothro- 
theriops. 

ESTIMATION  OF  GAPE 

The  degree  to  which  sloths  can  gape  affects  the  manner  in 
which  they  feed  and  is  determined  by  the  following  factors: 
(1)  mandibular  shape  and  length,  (2)  position,  orientation, 
and  shape  of  the  craniomandibular  joint,  and  (3)  orientation, 
shape,  and  length  of  the  segments  of  the  muscles  of  masti- 
cation. 

Restrictions  limiting  mandibular  opening  were  found  to 
be  few  up  to  a gape  of  approximately  40  degrees  where  the 
mandible  would  clearly  be  dislocated  and  the  posterior  sur- 
face of  the  angular  process  would  “bump  against”  the  pter- 
ygoid sinuses.  In  addition  to  limits  imposed  upon  gape  by 
osteology,  it  has  been  suggested  that  muscles  cannot  be 
stretched  more  than  twice  their  resting  length  without  in- 
curring damage  (Carlsoo,  1942).  The  distance  to  which  mas- 
ticatory muscle  components  in  Nothrotheriops  would  be 
stretched  at  gapes  of  20,  25,  30,  and  40  degrees  was  deter- 
mined using  the  method  of  Herring  and  Herring  (1974;  Table 
2).  The  analysis  suggests  that  the  lowest  superficial  masseter 
segment  (M.  m.  s.-5)  would  be  overstretched  at  a gape  greater 
than  25  degrees.  The  medial  pterygoid  is  the  next  muscle  or 
segment  most  limiting,  allowing  only  a few  additional  degrees 
of  gape.  The  other  muscles  of  mastication  did  not  appear  to 
limit  gape  up  to  40  degrees,  the  point  at  which  the  mandible 
would  become  dislocated  at  the  CMJ.  Choloepus  shows  a 
somewhat  wider  gape  (60  degrees),  but  Bradypus  has  about 
the  same  (40  degrees).  In  both  genera  dislocation  at  the  CMJ 
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Table  2.  The  cranial  muscles,  divisions,  and  abbreviations  used  in  this  study  and  the  amount  of  stretch  of  each  muscle  segment  when  the 
mouth  is  opened  to  various  degrees  of  gape.  Multipinnate  muscles  may  stretch  up  to  two  times  their  resting  length  without  incurring  damage; 
therefore  only  stretch  factors  over  2.00  would  be  limiting.  For  Nothrotheriops,  the  M.  m.  s.-5  could  then  be  overstretched  at  gapes  greater  than 
25  degrees,  with  the  M.  pterygoideus  medius  only  slightly  less  limiting.  Muscles  stretched  more  than  twice  their  resting  length  for  each  gape 
measurement  are  marked  with  an  asterisk  (*). 


Muscle 

Divisions 

Abbreviation 

Measurement 

location 

Degrees  of  gape 

M.  masseter  superficialis 

20 

25 

30 

40 

part  1 

M.  m.  s.-l 

1.36 

1.45 

1.45 

1.69 

part  2 

M.  m.  S.-2 

1.32 

1.40 

1.47 

1.62 

part  3 

M.  m.  S.-3 

1.22 

1.28 

1.33 

1.42 

part  4 

M.  m.  S.-4 

1.42 

1.52 

1.53 

1.82 

part  5 

M.  rn.  S.-5 

1.75 

1.96 

2.18* 

2.63 

M.  masseter  pars  profunda 

M.  m.  p. 

- 

- 

- 

- 

M.  temporalis 

M.  t. 

M.  t.  (anterior) 

1.37 

1.47 

1.58 

1.79 

M.  t.  (middle) 

1.22 

1.28 

1.33 

1.35 

M.  t.  (posterior) 

1.03 

1.04 

1.05 

1.05 

M.  zygomaticomandibularis 

M.  z. 

- 

- 

- 

- 

(=M.  temporalis  superficialis  pars 

zygomaticomandibularis) 

M.  pterygoideus  lateralis 

upper  part 

M.  p.  1.  u. 

1.02 

1.03 

1.04 

1.06 

lower  part 

M.  p.  1.  1. 

1.06 

1.08 

1.09 

1.12 

M.  pterygoideus  medius 

M.  p.  m. 

1.74 

1.90 

2.12* 

2.47 

and  overstretching  of  the  superficial  masseter  segment  (M. 
m.  S.-5)  is  the  limiting  factor. 

DISCUSSION 

The  four  data  sets  considered  in  this  analysis  are:  ( 1 ) cranial 
osteologic  characters  unique  to  or  mainly  restricted  to  Noth- 
rotheriops, (2)  dental  characters  and  reeonstruction  of  dental 
function,  (3)  reconstruction  of  the  structural  and  functional 
capabilities  of  the  masticatory  musculature  and  other  soft 
cranial  structures,  and  (4)  digestive  efficiency  as  estimated 
from  analyses  of  sloth  dung.  These  independent  lines  of  evi- 
dence should  make  it  possible  to:  (1)  differentiate  plesio- 
morphic,  apomorphic,  and  autapomorphic  cranial  charac- 
ters, (2)  determine  the  functional  abilities  and  limitations 
common  to  the  three  sloth  lineages,  and  (3)  reconstruct  the 
function  and  evolutionary  history  of  the  nothrotherian  ground 
sloths. 

Premaxilla  and  Predental  Spout 

In  all  sloths  the  premaxilla  is  reduced  (Winge,  1941;  Romer, 
1966;  Naples,  1982)  usually  to  an  arrowhead  shaped  element 
that  does  not  contact  the  nasal  bones.  In  Nothrotheriops  these 
elements  are  elongate,  slender,  unfused  at  the  midline  and 
extend  as  far  as  anteriorly  the  elongate  mandibular  predental 
spout.  These  processes  add  to  the  elongate  face  in  Nothro- 
theriops, a condition  also  evident  from  the  long  maxillae. 
Because  predental  spouts  occur  in  all  three  ground  sloth  lin- 
eages they  are  considered  primitive  in  Nothrotheriops  (Stock, 


1925;  Winge,  1941;  Naples,  1982,  1985a).  The  long  face  in 
this  sloth  was  probably  also  augmented  by  a large  amount 
of  soft  tissue  as  was  suggested  by  the  large  sized  nasal  open- 
ings. Even  though  tree  sloths,  particularly  Bradypus,  have 
short  faces,  they  have  large  nasal  cartilages  and  much  other 
soft  rhinarial  tissue  anterior  to  the  premaxillae  to  control  the 
flexible  upper  lip  (Naples,  1982).  Therefore  Nothrotheriops 
may  also  have  had  a flexible  upper  lip  to  aid  in  food  manip- 
ulation. Few  earlier  cranial  reconstructions  of  Nothrotheriops 
included  premaxillae  or  suppose  a large  amount  of  soft  tissue 
anteriorly.  Therefore,  the  typical  earlier  facial  reconstruction 
in  this  sloth  is  probably  too  short  (Fig.  8). 

Structural  Relationships  of  the  Zygomatic  Arch, 

CMJ,  and  Cranial  Ligaments 

A zygomatic  arch  with  ascending  and  descending  processes 
and  an  elongate  temporal  squamosal  process  are  typical  for 
sloths.  In  Nothrotheriops  these  processes  are  unfused  but 
closely  approximated  and  probably  connected  by  a thickened 
zygomatic  arch  ligament.  An  incomplete  zygomatic  arch  is 
common  among  sloths,  particularly  among  the  smaller  gen- 
era such  as  Bradypus  and  Choloepus  and  the  megalonychids. 
However,  the  zygomatic  arch  in  Nothrotheriops  is  unusual 
because  of  the  closely  apposed  anterior  and  posterior  por- 
tions, with  a notch  in  the  zygomatic  bone  between  ascending 
and  descending  processes  to  receive  the  anterior  end  of  the 
squamosal  process.  The  zygomatie  notch  increases  the  sur- 
face area  where  the  zygomatic  arch  processes  approximate, 
providing  more  attachment  area  for  the  short  joining  liga- 
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Figure  8.  Reconstruction  of  the  appearance  of  the  head  of  Nothrotheriops  in  lateral  view  (8A)  and  the  skull  and  nasal  cartilages  are  outlined 
in  (8B). 


merits.  In  small  sloths  the  zygomatic  arch  gap  is  larger,  and 
in  most  sloths  equal  to  or  greater  in  size  than  in  Nothrotheri- 
ops, and  the  anterior  and  posterior  portions  are  fused.  Noth- 
rotheriops is  unique  in  having  the  two  parts  closely  apposed, 
but  unfused,  an  autopomorphy  confined  to  the  nothrotheres. 

As  in  Bradypus  (Naples,  1982,  1985a),  the  ascending  zy- 
gomatic process  permits  expansion  of  the  origin  area  of  M. 
temporalis  pars  zygomaticomandihularis  and  M.  masseter 
profunda  and  allows  these  muscles  a more  vertical  line  of 
action  than  would  have  been  possible  otherwise.  Improve- 
ment of  the  mechanical  advantage  of  the  muscles  in  Brad- 
ypus correlates  with  a CMJ  above  the  occlusal  plane.  An 
elevated  CMJ  determines  that  the  masticatory  movement 
pattern  emphasizes  the  anteroposterior  component  of  man- 
dibular movement  as  also  indicated  by  wear  facet  orienta- 
tion, striations,  and  the  position  of  steps  in  the  transition 
areas  between  hard  and  soft  dentine.  Anatomical  changes  to 


allow  more  anteroposterior  movement  during  mandibular 
closing  were  possible  for  Bradypus  because  this  sloth  had  lost 
the  elongate  caniniform  teeth  that  require  precise  dorso- 
ventral  alignment  and  minimized  anteroposterior  move- 
ment. This  biomechanically  advantageous  masticatory  mus- 
cle arrangement  and  CMJ  height  was  unattainable  for 
Choloepus,  which  retains  elongate  caniniform  teeth.  How- 
ever, the  lesser  masticatory  mechanical  advantage  must  have 
been  offset  by  the  importance  of  retaining  useful  caniniform 
teeth  as  demonstrated  by  Choloepus  using  these  teeth  for 
threat  displays,  active  defense,  and  for  piercing  and  cutting 
food  items.  These  differences  suggest  that  the  two  tree  sloth 
lineages  either  were  subject  to  different  selective  pressures  or 
initially  were  very  different  in  cranial  morphology.  Because 
tree  sloths  share  the  same  habitat,  the  latter  is  probably  cor- 
rect, and  supports  the  idea  that  Bradypus  and  Choloepus 
arose  from  distantly  related  ground  sloth  lineages  (Engle- 


16  Contributions  in  Science,  Number  389 


Naples:  Nothrotheriops  shastense 


mann,  1985;  Webb,  1985).  However,  for  this  study,  func- 
tional questions  concerning  Nothrotheriops  have  been  ana- 
lyzed based  upon  comparisons  with  both  Bradypus  and 
Choloepus. 

Wear  facet  orientation,  dental  striations,  the  presence  or 
absence  of  steps  between  hard  and  soft  dentine  areas  and 
increasingly  arcuate  grooves  from  anterior  to  posterior  along 
the  tooth  row  suggest  that  the  mandibular  movement  pattern 
in  Nothrotheriops  is  anterolingual,  as  in  tree  sloths  and  all 
other  mammals  except  multituberculates  studied  to  date 
(Hiiemae,  1978).  Nothrotheriops  lacks  the  elongated  cani- 
niform  teeth  with  their  attendant  restrictions,  and  shows  more 
anteroposterior  movement  than  does  Choloepus.  The  direc- 
tion and  prominence  of  small  striations  and  large  grooves  on 
each  tooth  indicate  a stronger  mediolateral  component  of 
motion  in  the  power  stroke  in  Nothrotheriops  than  in  Brady- 
pus. 

The  posterodorsal  orientation  of  the  ascending  zygomatic 
process  in  Nothrotheriops  had  important  functional  conse- 
quences: it  permitted  a relatively  vertical  orientation  of  the 
lines  of  action  of  the  anterior  components  of  the  M.  tem- 
poralis and  the  M.  masseter  superficialis  and  these  functions 
were  correlated  with  the  anteriorly  positioned  orbit  and  the 
position  of  the  CMJ  dorsal  to  the  occlusal  plane.  As  in  Brady- 
pus, Nothrotheriops  lacks  elongate  caniniform  teeth  and  has 
a CMJ  above  the  occlusal  plane  and  therefore  can  have  a 
maximized  mechanical  advantage  for  the  masticatory  mus- 
culature. These  elTects  are  extreme  in  Bradypus,  in  which  the 
ascending  zygomatic  process  is  more  vertical,  the  M.  zygo- 
maticomandibularis  and  the  M.  masseter  profunda  relatively 
larger,  and  the  face  relatively  shorter  than  in  any  other  sloth. 
Nothrotheriops  shows  a similar  trend  in  muscle  arrangement, 
with  a relatively  large  and  vertically  oriented  M.  zygomati- 
comandibularis  and  M.  masseter  profunda,  but  without  the 
concomitant  facial  shortening.  However,  these  muscles  are 
not  enlarged  to  the  same  relative  degree  as  in  Bradypus, 
perhaps  because  of  other  constraints  related  to  the  elongate 
nasal  region  for  browsing  and  food  ingestion  in  Nothro- 
theriops. 


Dietary  Requirements  and  Digestive 
Specializations  in  Sloths 

Hansen  (1978)  determined  from  analysis  of  ground  sloth 
dung  in  Rampart  Cave,  New  Mexico,  that  composition  of 
that  sloth’s  diet  resembled  that  of  the  desert  mountain  sheep, 
which  presently  inhabits  the  area,  and  therefore  that  the  nu- 
tritional requirements  of  Nothrotheriops  were  probably  sim- 
ilar to  those  of  the  sheep  and  other  living  large  herbivores. 
Hansen  also  concluded  from  the  size  of  the  plant  parts  re- 
maining undigested  in  dung  balls  that  the  sloths  did  not  grind 
their  foods  to  a fine  particle  size  for  digestion  but  rather 
“crunched  and  munched”  it,  swallowing  large  pieces.  This 
is  also  true  of  the  tree  sloths  Bradypus  and  Choloepus  (Mont- 
gomery and  Sunquist,  1975).  The  tree  sloths  are  among  the 
smallest  folivores  (Parra,  1973,  1978)  and  may  be  able  to 
subsist  on  their  low  protein,  high  cellulose  fiber  diet  partially 


because  of  digestive  specializations,  but  also  because  they 
maintain  a low  metabolic  rate  relative  to  their  size,  and  thus 
have  reduced  energy  demands  per  unit  body  weight  (Almeida 
and  Fialho,  1924;  Britton,  1941;  McNab,  1978).  Such  spe- 
cializations could  either  allow  sloths  to  have  a minimized 
food  intake,  or  to  ingest  lower  quality  foods.  The  tree  sloths 
probably  do  both,  and  also  have  an  unusually  large  gut  ca- 
pacity for  their  size  (Brittton,  1941)  and  a very  long  retention 
time  for  food  in  the  gastrointestinal  tract  (Bauchop,  1978; 
Denis  et  ah,  1967;  Goffart,  197 1;  Jeuniaux,  1962;  Moir,  1968; 
Parra,  1978).  A bacterial  flora  is  present  in  the  stomach,  and 
fermentation  of  the  ingesta  occurs  there.  It  is  reasonable  to 
assume  that  ground  sloths  also  had  a low  metabolic  rate  and 
that  food  was  ingested  in  large  quantities  and  remained  for 
considerable  time  in  the  gut.  Janis  (1976)  suggests  that  large 
body  size  permitted  ruminant  artiodactyls  and  perissodactyls 
to  subsist  on  a high  fiber  diet  because  maintenance  require- 
ments per  unit  body  weight  decrease  as  body  weight  in- 
creases. In  addition,  ground  sloth  body  shape  suggests  that 
these  animals  had  room  for  an  unusually  capacious  gastroin- 
testinal tract,  which  would  have  permitted  them  to  retain  a 
(relatively)  larger  than  usual  amount  of  food  for  long  periods 
of  time.  In  combination,  these  factors  would  have  made 
larger  body  size  an  advantage  to  ground  sloths  in  general. 
These  considerations,  which  correlate  an  increased  foregut 
fermentation  capacity  with  large  body  size  agree  with  the 
trend  toward  increased  body  size  shown  throughout  the  fossil 
history  of  all  ground  sloth  lineages,  including  that  of  the 
nothrotheres. 

The  existence  of  a foregut  fermentation  site  in  ground  sloths 
is  also  supported  by  the  presence  of  reduced  or  simplified 
molariform  teeth  with  discontinuous  shearing  surfaces  as  in 
early  and  some  modern  ruminants  (Janis,  1976).  Although 
a lengthy  dental  grinding  and  crushing  mill  was  apparently 
unimportant  in  food  processing  in  ground  sloths  (perhaps 
because  of  the  large  gut  capacity),  extreme  shortening  of  the 
face,  as  seen  in  Bradypus  would  have  increased  the  difficulty 
of  housing  the  long  tongue  typical  of  most  xenarthrans  and 
other  herbivores.  Bradypus  has  retained  a large  mobile  tongue 
which  is  used  extensively  to  ingest  leafy  materials  in  lieu  of 
hand  to  mouth  feeding,  by  having  a uniquely  modified  hyoid 
apparatus  located  unusually  far  posteriorly  relative  to  the 
position  of  the  mandible  (Naples,  1986).  Bradypus  has  room 
for  this  arrangement  because  the  long  neck  contains  nine 
rather  than  seven  cervical  vertebrae.  The  more  typical  mam- 
malian pattern  of  seven  cervical  vertebrae  obtains  in  Noth- 
rotheriops, making  an  arrangement  similar  to  that  of  Brady- 
pus less  likely.  For  Nothrotheriops,  as  for  many  other  long- 
tongued  mammals,  a relatively  elongate  face  and  flexible 
upper  lip  facilitates  housing  and  using  a tongue  long  enough 
to  curl  around  and  strip  leaves  and  other  plant  parts  from 
stems.  A long  tongue,  flexible  upper  lip,  and  a mandibular 
predental  spout  would  have  been  especially  useful  for  food 
ingestion  because  the  masticatory  muscle  arrangement  may 
have  precluded  a gape  wider  than  25  degrees  in  Nothro- 
theriops. In  addition,  ground  sloths  probably  used  their  fore- 
limbs to  reach  for  food  as  do  tree  sloths,  but  they  probably 
could  not  manipulate  small  items  with  fine  control,  a problem 
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Species 

Figure  9.  Percentages  that  the  masseter-pterygoid  (solid  bars)  and 
temporalis  complex  (open  bars)  contribute  to  the  total  masticatory 
muscle  mass  in  some  carnivorous,  insectivorous,  and  herbivorous 
mammals  and  the  folivorous  tree  sloths.  Data  for  all  species  except 
Bradypus  and  Choloepiis  were  calculated  from  the  masticatory  mus- 
cle weights  presented  in  Turnbull  (1970). 


shared  with  the  much  smaller  tree  sloths.  Therefore,  lips, 
tongue,  and  predental  spout  probably  provided  the  most  dis- 
crimination during  food  ingestion,  and  permitted  sloths  to 
be  selective  browsers,  as  Hansen’s  (1978)  analysis  suggests 
that  they  were. 

Masticatory  Muscle  Structure  and  Function 

Nothrotheriops  resembles  the  tree  sloths  in  masticatory  mus- 
cle arrangement  with  muscle  scars  indicating  similar  muscle 
subdivision.  Differences  in  relative  muscle  size  and  propor- 
tion exist,  however,  reflecting  differences  in  cranial  osteology 
among  the  groups.  The  following  cranial  characters  were  as- 
signed polarities  in  Nothrotheriops  determined  by  compari- 
son with  similar  characters  in  tree  sloths  where  polarities 
were  determined  and  justihed  in  Naples  (1982,  1985a). 

The  masseter-pterygoid  complex.  These  muscles  are  com- 
parably complex  in  all  sloths,  with  similar  relationships  be- 
tween origins  and  insertions  among  groups  although  the  lines 
of  action  differ  in  direction.  The  M.  masseter  superficialis  in 
Bradypus  shows  the  most  vertical,  Choloepiis  intermediate, 
and  Nothrotheriops  the  most  anteroposteriorly  directed  line 
of  action. 

The  M.  masseter  profunda  differs  greatly  in  size  and  di- 
rection between  the  tree  sloths,  being  small  and  oriented 
posterodorsally  (as  in  most  mammals)  in  Choloepus,  but 
greatly  expanded  and  reoriented  anterodorsally  in  Bradypus. 
In  Nothrotheriops  the  muscle  orientation  resembles  that  of 
Choloepus,  but  because  it  originates  upon  an  expanded  pos- 
terodorsal  zygomatic  arch  process  it  has  become  relatively 


much  larger  and  therefore  could  contribute  a greater  per- 
centage of  the  force  for  jaw  elevation  and  retraction  than  in 
Choloepus. 

The  pterygoid  musculature  in  sloths  is  divided  as  in  other 
mammals,  although  the  direction  of  the  line  of  action  differs. 
The  lateral  pterygoid  in  Choloepus  pulls  anterodorsally  as  in 
other  mammals,  while  in  Bradypus  the  muscle  pulls  antero- 
ventrally.  The  unusual  muscle  orientation  in  Bradypus  ob- 
tains because  the  lateral  pterygoid  origin  was  carried  ventrally 
with  the  ventral  elongation  of  the  pterygoid  flanges  (Naples, 
1982,  1985a).  The  elongate  pterygoid  flange  is  one  of  a com- 
plex of  characters  associated  with  the  elevated  CMJ  in  Brady- 
pus. In  Nothrotheriops  elongate  pterygoid  flanges  also  occur, 
the  CMJ  is  elevated,  and  the  muscle  origin  has  been  carried 
ventrally,  resulting  in  an  orientation  similar  to,  but  less  ex- 
treme than,  that  seen  in  Bradypus.  In  addition  to  the  typical 
medial  and  protrusive  pull  the  M.  pterygoideus  lateralis  ex- 
erts on  the  condyle  in  Bradypus,  the  reorientation  of  the 
muscle  has  introduced  a downward  component  of  force.  The 
mandibular  condyle  in  Bradypus  is  held  medially  against  a 
bony  projection  during  opening  by  this  downward  force.  A 
bony  stop  is  also  present  in  Nothrotheriops  and  probably 
functioned  with  the  M.  pterygoideus  lateralis  as  in  Bradypus. 

All  three  sloths  have  an  M.  pterygoideus  medius  similar  in 
general  orientation  and  probable  action.  The  muscles  differ 
in  relative  size,  however,  being  smallest  in  Choloepus,  some- 
what larger  in  Nothrotheriops  and  largest  in  Bradypus.  Again, 
these  relative  muscle  sizes  correlate  with  CMJ  height  above 
the  cheek  tooth  row  (zero  in  Choloepus,  moderately  elevated 
in  Nothrotheriops,  and  strongly  elevated  in  Bradypus). 

The  temporalis  complex.  In  sloths  the  temporalis  muscu- 
lature is  a smaller  percentage  of  the  masticatory  muscle  mass 
than  in  carnivores,  and  this  muscle  mass  is  equal  to  or  greater 
in  relative  mass  than  in  typical  herbivores  (Turnbull,  1970; 
Fig.  9).  In  tree  sloths  M.  temporalis  is  incompletely  divided 
into  superficial  and  deep  portions;  no  attempt  to  distinguish 
these  portions  was  made  in  Nothrotheriops.  The  M.  tempo- 
ralis in  Bradypus  is  relatively  large  in  lateral  view,  because 
of  the  extremely  short  face  in  this  sloth  (Naples,  1985a),  but 
is  only  30  percent  of  masticatory  muscle  weight  while  that 
of  Choloepus  is  somewhat  more  at  34  percent.  Muscle  weights, 
and  therefore  relative  percentages  of  masticatory  muscle  mass 
are  unavailable  for  Nothrotheriops.  but  muscle  scars  indicate 
that  this  muscle  was  similar  to  or  slightly  smaller  than  that 
of  Choloepus.  In  Nothrotheriops.  M.  temporalis  contributed 
less  to  the  masticatory  mass  than  its  extensive  area  of  origin 
would  suggest  because  even  in  uncrushed  specimens  the  tem- 
poral fossa  was  narrow  and  no  sagittal  crest  was  present. 
Therefore,  in  this  sloth,  M.  temporalis  was  probably  thin. 

The  M.  zygomaticomandibularis  differs  dramatically  in  size 
but  not  orientation  between  the  tree  sloths.  In  Choloepus  it 
is  thin  with  fibers  fanning  anteroposteriorly  to  attach  me- 
dially on  the  zygomatic  arch.  In  Bradypus  the  muscle  size  is 
increased  dramatically  as  allowed  by  the  vertically  expanded 
ascending  zygomatic  process  (Naples,  1 985a).  The  ascending 
zygomatic  process  in  Nothrotheriops  is  expanded  less  and 
therefore  the  M.  zygomaticomandibularis  is  intermediate  in 
relative  size  between  those  of  the  two  tree  sloths. 
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In  summary,  Bradypus  and  Choloepus  differ  in  relative 
masticatory  muscle  size.  In  Choloepus  the  masseter-ptery- 
goid  complex  is  only  slightly  dominant  (Fig.  9)  over  the 
temporalis  muscle  group;  this  differs  from  other  mammals 
so  far  studied.  In  contrast,  Bradypus  falls  within  the  group 
defined  as  herbivores.  Although  the  relative  weight  of  muscle 
groups  can  only  be  estimated,  Nothrotheriops  can  be  pre- 
dicted to  fall  between  Bradypus  and  Choloepus.  This  is  logical 
because  among  the  herbivores  the  muscle  mass  values  in 
Bradypus  are  most  similar  to  Odocoileus,  a browsing  form 
(Turnbull,  1970;  Fig.  9).  It  is  also  significant  that  Ovis,  a 
genus  that  survived  in  the  environment  where  Nothrotheriops 
became  extinct,  is  a grazer,  more  similar  to  Eqiius,  the  most 
specialized  of  the  forms  discussed  in  detail  by  Janis  (1976) 
and  Turnbull  (1970).  While  Nothrotheriops  could  subsist  on 
the  diet  available  these  data  suggest  that  slow-moving  ground 
sloths  with  a low  metabolic  rate  were  not  as  efficient  at  se- 
lection, ingestion,  and  processing  of  the  available  foodstuffs 
as  desert  sheep.  It  is  therefore  possible  that  the  sloths  fared 
poorly  in  competition  with  the  sheep  for  limited  resources, 
even  though  they  were  probably  equally  able  to  subsist  on 
the  local  flora. 

Relationships  of  the  Nothrotheres 

It  has  been  suggested  (Winge,  1941;  Patterson  and  Pascual, 
1972;  McKenna,  1975;  Engelmann,  1985;  Webb,  1985;  Na- 
ples 1982,  1985a)  that  the  tree  sloths  should  not  be  united 
in  the  Bradypodidae,  but  allied  to  separate  ground  sloth  lin- 
eages. These  authors  agree  that  Choloepus  should  be  placed 
among  the  Megalonychidae  and  Bradypus  among  the  Mega- 
theriidae.  The  present  cranial  analysis  contributes  data  sup- 
porting the  derivation  of  Bradypus  from  the  megatheriid  lin- 
eage, as  is  Nothrotheriops.  while  Choloepus  is  not  closely 
related  to  this  group.  Although  Bradypus  and  Nothrotheriops 
differ  dramatically  in  size  and  locomotor  habits,  they  share 
derived  cranial  characters  with  other  members  of  the  Mega- 
theriidae,  not  found  in  Choloepus.  other  members  of  the 
Megalonychidae,  or  the  Mylodontidae.  These  characters  in- 
clude: ( 1 ) loss  of  elongate  caniniform  teeth,  (2)  a large  antero- 
posterior component  of  movement  during  mandibular  clos- 
ing associated  with  (3)  an  elevated  CMJ,  (4)  ventrally  elongated 
pterygoid  flanges  which  carry  the  lateral  pterygoid  muscle 
origin  ventrally,  causing  (5)  drastic  reorientation  of  the  line 
of  action  of  this  muscle,  (6)  an  ascending  process  on  the 
zygomatic  arch  which  allows  (7)  expansion  of  the  deep 
masseter  and  zygomaticomandibularis  muscles,  (8)  a simple 
oval-shaped  mandibular  condyle  with  long  axis  directed 
anteroposteriorly,  (9)  an  anteroposteriorly  elongated  and  un- 
restricted glenoid  fossa  that  limits  the  medial  displacement 
of  the  mandibular  condyle,  and  (10)  a similar  relationship 
between  the  proportions  of  the  muscles  of  the  masseter-pter- 
ygoid  and  temporalis  complex.  Although  this  study  is  not  of 
broad  enough  scope  to  relate  Choloepus  and  the  megalony- 
chids  or  to  align  Bradypus  and  Nothrotheriops  within  the 
Megatheriidae,  it  establishes  some  structural  and  functional 
similarities  among  these  groups  which  can  be  used  as  criteria 
for  making  systematic  decisions  based  upon  derived  char- 


acters. Knowledge  of  such  characters  should  improve  the 
chances  of  refining  sloth  relationships  in  the  future. 
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Phrynosoma  asio  Cope  ranges  in  Mexico  from  Colima  through  coastal  Michoacan,  Guerrero,  Oaxaca  to  Chiapas;  it  has  also  been  recorded 
from  Guatemala.  The  animal  pictured  is  an  adult  male,  1 57  mm  snout-vent,  which  has  been  alive  in  captivity  since  June  1975.  Photo  courtesy 
of  Bertrand  E.  Baur. 
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ABSTRACT.  The  phylogenetic  relationships  among  the  species  of 
Phrynosoma  were  determined  through  computer  analysis  of  36  ex- 
ternal and  osteological  characters.  Phylogenetic  Analysis  Using  Par- 
simony (PAUP,  Version  2.4)  produced  a cladogram  that  depicts  two 
major  phyletic  lines  diverging  from  a common  ancestor.  One  line 
gave  rise  to  the  “southern  radiation”  species,  including  P.  asio.  P. 
braconnieri,  P.  ditmarsi,  and  P.  Iannis.  The  other  produced  a “north- 
ern radiation”  group  containing  P.  douglassii,  P.  cornutum,  P.  cor- 
onatum,  P.  mcallii,  P.  modestum,  P.  orbiculare,  P.  platyrhinos,  and 
P.  solare.  This  arrangement  differs  in  several  ways  from  a previously 
hypothesized  phylogeny  (Presch,  1969).  Phrynosoma  asio  and  P. 
orbiculare  have  relatively  more  plesiomorphic  characters  than  the 
other  species  within  their  respective  groups.  Phrynosoma  ditmarsi 
is  not  close  to  P.  douglassii,  but  is  a descendant  of  an  ax/o-like 
progenitor.  It  is  distantly  related  to  the  southern  species,  P.  bracon- 
nieri and  P.  taurus,  with  which  it  shares  similarities  in  lepidosis  and 
habitus,  all  three  being  relatively  long-limbed,  short-tailed,  upland 
Phrynosoma.  The  desert  species  derived  from  a coronatum-Wkc  pro- 
genitor did  not  diverge  as  a polytomy,  but  as  a series  of  sequential 
branchings.  Phrynosoma  modestum  and  P.  mcallii  are  not  sister 
species.  Instead,  P.  modestum  and  P.  platyrhinos  are  sister  taxa 
sharing  a most  recent  common  ancestor.  Phrynosoma  mcallii  rep- 
resents the  sister  taxon  of  both  species.  A computer-generated  pa- 
tristic distance  tree  reveals  that  most  members  of  the  northern  ra- 
diation group  have  undergone  considerable  anagenetic  evolutionary 
change  compared  with  the  southern  group  members,  which  are  less 
evolved  from  the  common  ancestor.  The  southern  group  species 
comprise  a relictual  assemblage,  and  speciation  within  the  southern 
group  may  have  predated  most  of  the  diversification  of  the  northern 
group. 

A study  of  the  character  patterns  reveals  some  striking  examples 
of  homoplastic  similarity  between  some  members  of  the  two  groups. 
The  convergent  characters  involve;  1 ) the  spatial  arrangement  of  the 
nasal,  maxillary,  and  prefrontal  elements;  2)  the  position  and  angle 
of  entry  of  the  external  nares;  3)  the  extent  of  overlap  of  the  coronoid 
with  the  dentary  and  surangular;  4)  the  formation  of  a complete 
supraorbital  bar;  5)  the  extent  of  development  of  parietal  and  squa- 
mosal horns;  6)  the  extent  of  participation  of  the  maxilla  in  the 
orbital  border;  7)  the  degree  of  expansion  of  the  ectopterygoid;  8) 
the  orientation  of  the  supraoccipital;  9)  the  orientation  of  the  post- 
orbital; 1 0)  the  length  of  the  second  ceratobranchials;  1 1 ) the  number 
of  caudal  vertebrae;  12)  the  development  and  number  of  enlarged 
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gular  rows;  and  13)  the  number  of  lateral  abdominal  fringe  scale 
rows. 

A scenario  of  the  evolutionary  history  of  Phrynosoma  is  developed 
from  published  paleogeographic  and  paleoecological  models.  Fossil 
evidence  is  fragmentary  and  provides  no  empirical  support  for  the 
cladogram.  The  late  Pliocene  Phrynosoma  hotmani  has  an  angular 
dentary  which  is  considered  a synapomorphy  for  P.  cornutum  and 
its  relatives.  The  Pleistocene  Phrynosoma  josecitense,  although  not 
closely  related  to  P.  solare,  defies  placement;  it  appears  to  be  allied 
to  P.  coronatum  or  P.  orbiculare. 

Phrynosoma  and  the  sand  lizard  assemblage  (Callisaurus,  Co- 
phosaurus,  Holbrookia,  and  Uma)  are  sister  groups  within  the  sce- 
loporines.  The  sand  Uzard-Phrynosoma  clade  is  supported  by  a num- 
ber of  synapomorphies,  including  five  osteological  characters  (Presch, 
1969;  de  Queiroz,  1982)  and  one  myological  character  (Arnold,  1984). 
An  additional  four  myological  features  may  be  shared  between  the 
two  groups  (Blackburn,  unpubl.  data).  Externally,  both  Phrynosoma 
and  the  sand  lizard  group  have  tilted  supralabials.  Moreover,  Phry- 
nosoma has  a series  of  chinshields  which  enlarge  posteriorly,  and 
these  may  be  homologous  to  a series  of  sublabials  which  also  enlarge 
posteriorly  in  the  sand  lizards.  Horned  lizards  comprise  a morpho- 
logically unique  group,  distinct  from  all  other  sceloporines. 

Resumen.  Las  relaciones  filogeneticas  entre  las  especies  de  Phryno- 
soma se  determinaron  a traves  de  analisis  computacional  de  36 
caracteres  extemos  y osteologicos.  Un  cladograma  (PAUP;  Phylo- 
genetic Analysis  Using  Parsimony,  Version  2.4)  describe  dos  lineas 
fileticas  mayores  que  divergen  de  un  ancestro  comdn.  Una  linea  dio 
origen  a las  especies  de  la  “radiacion  sur”  incluyendo  P.  asio,  P. 
braconnieri,  P.  ditmarsi,  y P.  taurus.  La  otra  produjo  un  grupo  de 
“radiacion  norte”  que  contiene  P.  douglassii.  P.  cornutum,  P.  co- 
ronatum. P.  mcallii.  P.  modestum,  P.  orbiculare,  P.  platyrhinos,  y 
P.  solare.  Esta  disposicion  difiere  en  algunas  formas  de  una  filogenia 
previamente  hipotetizada  (Presch,  1969).  Phrynosoma  asio  y P.  or- 
biculare tienen  relativamente  mas  caracteres  plesiomorficos  que  las 
otras  especies  dentro  de  sus  respectivos  grupos.  Phrynosoma  ditmarsi 
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no  esta  junto  a P.  douglassii,  pero  es  un  descendiente  de  un  progenitor 
como  P.  asio:  esta  relacionada  distantemente  con  las  especies  del 
sur,  P.  braconnieh  y P.  taunis,  con  las  cuales  comparte  similitudes 
en  lepidosis  y habitos,  siendo  las  tres  especies  de  apendices  relati- 
vamente  largos,  cola  corta,  y que  viven  en  los  lugares  mas  altos.  Las 
especies  del  desierto  derivadas  de  un  progenitor  como  P.  coronatum 
no  divergen  como  una  politomia,  sino  como  una  serie  de  ramas 
secuenciales.  Phrynosoma  modestum  y P.  mcallii  no  son  especies 
hermanas.  En  cambio,  P.  modestum  y P.  platyrhinos  son  taxones 
hermanos  compartiendo  un  ancestro  comiin  mas  reciente.  Phryno- 
soma mcallii  representa  el  taxon  hermano  de  ambas  especies.  Un 
arbol  de  distancia  patristica  generado  por  computacion  revela  que 
la  mayoria  de  los  miembros  del  grupo  de  la  radiacion  del  norte  ban 
sobrellevado  cambio  evolutivo  anagenetico  considerable  comparado 
con  los  miembros  del  grupo  del  sur,  los  cuales  son  los  menos  evo- 
lucionados  de  los  ancestros  comunes.  Las  especies  del  grupo  del  sur 
comprenden  un  conjunto  relictual  y la  especiacion  dentro  de  este 
puede  haberse  producido  antes  que  ocurriera  la  mayor  parte  de  la 
diversificacion  del  grupo  del  norte. 

Un  estudio  de  los  patrones  de  caracteres  re  vela  algunos  ejemplos 
sorprendentes  de  similitud  homoplastica  entre  algunos  miembros  de 
los  dos  grupos.  Los  caracteres  convergentes  envuelven:  1)  la  dis- 
posicion  espacial  de  los  elementos  nasales,  maxilares,  y prefrontales; 
2)  la  posicion  y angulo  de  entrada  de  las  ventanillas  (nostrils);  3)  la 
extension  de  sobreposicion  del  coronoides  con  el  dentario  y sur- 
angular;  4)  la  formacion  de  una  barra  supraorbital  completa;  5)  la 
extension  de  desarrollo  de  los  cuernos  parietal  y escuamosal;  6)  la 
extension  de  participacion  de  la  maxila  en  el  borde  orbital;  7)  el 
grado  de  expansion  del  ectopterigoides;  8)  la  orientacion  del  supra- 
occipital;  9)  la  orientacion  del  postorbital;  10)  la  longitud  de  los 
segundos  ceratobranquiales;  1 1)  el  numero  de  vertebras  caudales; 
1 2)  el  desarrollo  y numero  de  bias  gulares  agrandadas;  1 3)  el  numero 
de  bias  de  escamas  abdominales  laterales  ("lateral  abdominal  fringe 
scale  rows”). 

Se  desarrollo  un  escenario  de  la  historia  evolutiva  de  Phrynosoma 
en  base  a los  modelos  paleoecologicos  y paleogeograbcos  publicados. 
La  evidencia  fosil  es  fragmentaria  y no  provee  fundamento  empirico 
para  el  cladograma.  El  tardio  Phrynosoma  holmani  del  Plioceno  tiene 
un  dentario  angular  que  es  considerado  una  sinapomorfia  para  P. 
cornutum  y las  especies  emparentadas.  Phrynosoma  josecitense  del 
Pleistoceno,  aunque  no  esta  estrechamente  relacionado  con  P.  solare, 
parece  estar  relacionado  posiblemente  con  P.  coronatum  o P.  orbi- 
culare. 

Phrynosoma  y el  conjunto  de  las  lagartijas  avenicolas  (Callisaurus. 
Cophosaurus,  Holbrookia,  y Uma)  son  grupos  hermanos  dentro  de 
los  sceloporines.  El  clade  de  las  lagartijas  avenicolas  y Phrynosoma 
se  basa  en  un  numero  de  sinapomorfias,  incluidos  cinco  caracteres 
osteologicos  (Presch,  1969;  de  Queiroz,  1982)  y un  caracter  mio- 
logico  (Arnold,  1984).  Cuatro  caracteristicas  miologicas  adicionales 
pueden  compartirse  entre  los  dos  grupos  (Blackburn,  datos  no  pu- 
blicados). Extemamente  Phrynosoma  y el  grupo  de  las  lagartijas 
avenicolas  tienen  supralabiales  oblicuos.  Ademas,  Phrynosoma  tiene 
una  serie  de  escamas  mentonianas  las  que  se  alargan  posteriormente 
y que  pueden  ser  homologas  a una  serie  de  escamas  sublabiales  que 
tambien  se  alargan  posteriormente  en  las  lagartijas  avenicolas.  Phry- 
nosoma comprende  un  grupo  morfologicamente  unico,  notoriamen- 
te  distinto  de  todos  los  otros  sceloporines. 

INTRODUCTION 

The  homed  lizards  (genus  Phrynosoma)  comprise  a most 
peculiar  group  of  morphologically  specialized,  largely  ant- 


eating sceloporine  iguanids.  Their  general  appearance  is 
unique  among  iguanid  lizards;  the  body  is  relatively  squat 
and  flattened,  and  the  dorsum  has  enlarged  spinose,  or  car- 
inate scales,  interspersed  among  much  smaller  scales.  The 
head  typically  bears  enlarged  horns,  and,  in  all  species  except 
one,  the  lateral  abdominal  area  has  one  or  two  rows  of  en- 
larged fringe  scales.  Morphological  evolution  within  Phry- 
nosoma has  involved  many  aspects  of  the  external  and  in- 
ternal morphology,  but  the  most  striking  changes  have 
occurred  in  the  cranium  and  pectoral  girdle.  The  sternum 
has  become  more  expanded  and  distinctly  pentagonal,  with 
a wide  posterior  border  and  enlarged  fontanelle.  The  inter- 
clavicle median  process  has  been  shortened  or  lost  complete- 
ly. The  suprascapula  has  become  a rectangular,  rather  than 
fan-shaped,  structure.  Evolution  of  the  squat,  depressed  hab- 
itus has  also  involved  a reduction  in  the  number  of  caudal 
vertebrae.  The  cranium  has  widened  and  the  snout  has  short- 
ened. In  most  species,  enlarged  horns  have  developed  on  the 
parietal  and  squamosal  elements,  and  small  tubercles  or  horns 
have  appeared  on  the  dentary,  prearticular,  surangular,  fron- 
tal, postorbital,  and  jugal  as  well.  The  ectopterygoids,  pala- 
tines, and  pterygoids  have  expanded,  with  a concomitant 
reduction  of  the  suborbital  fossa;  the  vomers  have  become 
triangular.  Horned  lizards  have  lost  the  lacrimal  and  post- 
frontal bones,  and  the  epipterygoids  have  become  reduced 
and  attached  to  the  prootic,  or  variably  lost  (Etheridge,  1 964; 
Presch,  1969;  Axtell,  1986). 

The  most  recent  work  dealing  with  the  phylogenetic  sys- 
tematics  of  Phrynosoma  was  that  of  Presch  ( 1 969).  The  re- 
sults of  his  phylogenetic  study  largely  refuted,  or  rendered 
improbable,  the  conclusions  drawn  previously  by  Reeve 
(1952).  Presch  also  reevaluated  the  intergeneric  relationships 
of  the  homed  lizards,  rejecting  Etheridge’s  (1964)  removal 
of  the  genus  from  the  sceloporines.  Presch  concluded  that 
Phrynosoma  is  a member  of  the  sceloporines  and  probably 
the  sister  taxon  of  the  sand  lizard  genera  {Callisaurus,  Co- 
phosaurus, Holbrookia,  and  Uma).  He  cited  the  following 
synapomorphies  between  the  two  groups:  1 ) a shortened  in- 
terclavicle median  process;  2)  anterolateral  processes  of  the 
frontals  overlapped  by  the  nasals;  3)  loss  of  the  lacrimal;  and 
4)  loss  of  the  postfrontal.  Presch  also  noted  the  shared  ab- 
sence of  clavicular  hooks,  a symplesiomorphy,  which  he  ap- 
parently treated  as  a synapomorphy  in  the  abstract  of  his 
1969  paper,  and  again  in  a later  paper  (Presch,  1970).  With 
regard  to  the  absence  of  the  lacrimal,  I discuss  herein  the 
possibility  that  it  has  been  lost  independently  in  Phrynosoma 
and  the  sand  lizards.  De  Queiroz  (1982),  noting  incongruen- 
cies between  Presch’s  (1970)  data  on  scleral  ossicles  and  the 
data  from  other  workers,  reexamined  the  scleral  ossicle  pat- 
terns in  the  sceloporines.  He  found  high  variability  in  ossicle 
pattern  within  genera  and  species  and  suggested  that  it  pre- 
cluded the  use  of  much  of  the  information  for  elucidating 
phylogenetic  relationships.  De  Queiroz  concluded,  however, 
that  all  sceloporines  are  united  by  the  apomorphic  reduction 
(or  loss)  of  ossicle  8,  and  furthermore,  that  Phrynosoma  and 
the  sand  lizard  group  share  the  reduction  (or  loss)  of  ossicle  6. 

Gorman  (1973)  presented  karyotypic  evidence  consistent 
with  the  hypothesis  that  homed  lizards  are  sceloporines.  Data 
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from  seven  species  indicated  a diploid  complement  of  34, 
with  12  macrochromosomes  and  22  microchromosomes.  All 
other  sceloporines,  except  the  karyotypically  variable  genus 
Scelopoms,  are  characterized  by  this  diploid  number. 

Wyles  ( 1 980)  assessed  the  phylogenetic  relationships  of  the 
sceloporine  lizards  in  terms  of  morphological,  immunolog- 
ical, and  electrophoretic  data.  Phenograms  based  on  Nei  elec- 
trophoretic distance  (D;  Nei,  1 972)  consistently  placed  Phry- 
nosoina  within  the  sceloporine  group  and  close  to  the  sand 
lizard  genera  (see  Wyles,  1980:fig.  5).  The  D values  between 
Phrynosoma  and  other  selected  iguanid  genera  are  as  follows: 
Callisaunis  ( 1 .07),  Uma  (0.89),  Sator  (0.89),  Scelopoms  (1.21), 
Urosaurus  (0.9 1 ),  Uta  (1.14),  Petrosaunis  (1.14),  Crotaphytus 
(1.70),  and  Dipsosaiirus  (1.70).  However,  phenograms  gen- 
erated from  albumin  immunological  data  (Wyles,  1980:fig. 
4)  placed  Phrynosoma  farther  away  from  the  sand  lizard 
group  and  as  one  of  the  earliest  offshoots  from  the  sceloporine 
assemblage.  Wyles  concluded  that  Phrynosoma  and  Urosau- 
rus are  the  two  oldest  sceloporine  genera,  with  an  estimated 
time  of  divergence  of  28-30  million  years. 

More  recent  evidence  from  the  cloacal  and  hemipenial 
musculature  of  lizards  (Arnold,  1 984)  supports  the  placement 
of  Phrynosoma  within  the  sceloporines  and  near  the  sand 
lizard  assemblage.  In  all  sceloporines  examined  by  Arnold, 
including  Phrynosoma,  the  M.  retractor  lateralis  posterior  is 
completely  divided,  a condition  not  observed  in  other  igua- 
nids.  The  monophyletic  nature  of  the  sceloporines,  with 
Phrynosoma  included,  is  supported  by  this  feature.  More- 
over, in  Phrynosoma  as  well  as  in  Callisaunis,  Cophosaurus, 
Holbrookia,  and  Uma,  the  anterior  fibers  of  the  M.  retractor 
lateralis  anterior  are  reflected  outwards  or  posteriorly  just 
before  insertion  on  the  cloaca.  This  character  state  is  not  seen 
elsewhere  in  the  iguanid  family.  Blackburn  (unpubl.)  has  not- 
ed four  additional  myological  features  that  are  shared  be- 
tween Phrynosoma  and  the  sand  lizards:  1 ) the  cranial  fibers 
of  the  M.  transversus  insert  along  the  xiphisternal  rod  and 
rib  rather  than  in  a sheet  of  fascia  that  attaches  to  the  inner 
surfaces  of  the  inscriptional  ribs;  2)  half  or  more  of  the  fibers 
of  the  M.  costocoracoideus  insert  on  the  sternum  rather  than 
the  sternoscapular  ligament;  3)  the  M.  obliquus  interims  in- 
serts directly  on  the  lateral  portions  of  the  sternal  inscrip- 
tional ribs  or  directly  on  the  bony  ribs  dorsal  to  their  cur- 
vatures rather  than  by  tendons  on  the  sternum  and  the  medial 
portions  of  the  sternal  inscriptional  ribs;  and  4)  the  M.  omo- 
sternohyoideus  pars  superficialis  differentiates.  In  sum,  Phry- 
nosoma is  the  sister  taxon  of  the  sand  lizard  genera,  but  the 
morphological  and  immunological  evidence  (Presch,  1969; 
Wyles,  1980)  would  seem  to  indicate  either  a long  history  of 
separation,  or  rapid  evolutionary  divergence  between  the  two 
groups. 

I present  here  a reassessment  of  the  phylogenetic  relation- 
ships of  the  species  of  Phrynosoma.  My  interest  in  pursuing 
a reexamination  of  the  horned  lizards  was  prompted  for  the 
following  reasons.  Phrynosoma  has  remained  a problemat- 
ical group  from  a systematic  standpoint.  Most  of  the  species 
are  separated  from  one  another  by  substantial  morphological 
gaps  and,  therefore,  the  process  of  elucidating  relationships 
and  tracing  the  phylogeny  is  rendered  difficult.  On  the  basis 


of  the  osteological  data  obtained  by  Presch  (1969),  few  syn- 
apomorphies  support  the  branching  arrangement  of  his 
cladogram.  Moreover,  the  affinities  of  some  Phrynosoma 
species  are  based  on  the  shared  loss,  or  reduction,  of  skeletal 
elements.  Phylogenetic  inferences  based  on  “loss”  synapo- 
morphies  are  tenuous  because  such  “loss”  character  states 
have  little  information  content  compared  with  states  involv- 
ing the  gain  or  elaboration  of  structures.  The  principal  dif- 
ficulty with  “loss”  character  states  is  that  most  of  the  criteria 
for  homology  determination  (Remane,  1956;  Ruppert,  1982) 
cannot  be  applied  in  the  absence  of  structure.  In  my  opinion, 
the  interrelationships  among  some  species  of  Phrynosoma 
have  remained  ambiguous  for  this  reason. 

Second,  dry  skeletal  preparations  of  Phrynosoma  ditmarsi 
Stejneger  and  P.  taunts  Duges  were  not  available  during 
Presch’s  study,  and  because  radiographic  techniques  may 
yield  equivocal  information  for  some  osteological  features, 
it  was  deemed  necessary  to  examine  skeletal  material  of  the 
two  species.  My  interest  in  the  group  was  further  stimulated 
in  1976,  when  T.R.  Van  Devender  suggested  (pers.  comm.) 
that  P.  ditmarsi  was  not  closely  related  to  P.  doiiglassii  (Bell) 
based  on  his  osteological  comparisons. 

Finally,  the  need  to  integrate  skeletal  and  external  mor- 
phological information  for  comparative  studies  of  this  group 
of  lizards  appeared  obvious.  Presch’s  conclusions  were  drawn 
entirely  from  osteological  data,  and  a substantial  amount  of 
information  pertaining  to  the  external  morphology  of  Phry- 
nosoma lay  unused  in  the  literature.  Consequently,  my  study 
has  incorporated  data  from  the  skeletal  and  external  mor- 
phology of  the  horned  lizards  and,  due  to  further  search,  has 
used  characters  not  previously  evaluated  in  the  phylogenetic 
systematics  of  the  group.  My  paper  represents  a first  ap- 
proximation of  the  interspecific  relationships  of  Phrynosoma 
based  on  this  combined  data  set.  A molecular  study  would 
be  of  value  to  further  test  the  conclusions  drawn  herein. 

MATERIALS  AND  METHODS 

Alcohol-preserved  specimens,  cleared  and  stained  skeletons, 
and  dried  skeletons,  including  dermestid-  and  hand-cleaned 
preparations,  were  examined  in  this  study.  Radiographs  were 
not  used.  The  cartilaginous  hyoid  apparatus  was  examined 
following  careful  dissection  from  alcoholic  specimens.  The 
known,  extant  species  of  Phrynosoma  were  studied,  but  P. 
boucardii  A.  Dumeril  and  Bocourt  and  P.  cerroense  Stejneger 
are  not  given  much  further  consideration.  Montanucci  (1979) 
reviewed  the  external  morphology  and  osteology  of  boucardii 
and  concluded  that  it  should  be  relegated  to  a subspecies  of 
P.  orbiculare  (Linnaeus).  The  insular  cerroense  is  closely  re- 
lated to  P.  coronatum  (Blainville)  and  presents  no  phyloge- 
netic problems. 

The  material  examined  is  listed  below.  Each  species  of 
Phrynosoma  is  followed  by  the  number  of  alcoholic  speci- 
mens and  the  number  of  complete  skeletons  or  skulls.  Phry- 
nosoma asio  Cope  (28,  9);  P.  braconnieri  A.  Dumeril  and 
Bocourt  (40,  4);  P.  cornutum  (Harlan)  (26,  56);  P.  coronatum 
(21,  27);  P.  ditmarsi  (26,  4);  P.  doiiglassii  (86,  22);  P.  mcallii 
(Hallowell)  (17,  16);  P.  modestum  Girard  (26,  8);  P.  orbic- 
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Table  1 . Variation  in  the  angle  of  slant  (in  degrees)  of  the  premaxilla 
among  the  species  of  Phtynosoma.  Abbreviations  are  N (sample  size), 
X (mean),  S.E.  (standard  error),  and  S.D.  (standard  deviation).  See 
text  for  further  information. 


Species 

N 

X 

S.E. 

S.D. 

Range 

P.  asio 

7 

59.0 

— 

— 

56-62 

F.  hraconnieri 

3 

57.0 

- 

— 

56-58 

P.  cornutum 

20 

73.7 

0.8 

3.6 

66-79 

P.  coronatum 

23 

65.6 

1.4 

6.8 

53-77 

P.  ditmarsi 

1 

64.0 

— 

— 

— 

P.  doiiglassii 

14 

59.7 

- 

- 

47-70 

P.  mcallii 

13 

70.6 

— 

— 

67-75 

P.  modestum 

5 

73.2 

— 

— 

70-77 

P.  orbiculare 

6 

56.0 

— 

— 

49-62 

P.  platyrhinos 

18 

72.2 

0.8 

3.4 

66-76 

P.  solare 

10 

64.6 

— 

— 

58-71 

P.  taurus 

2 

54.5 

— 

— 

49-60 

ulare  (50,  7);  P.  platyrhinos  Girard  (14,  32);  P.  solare  Gray 
(13,  17);  P.  taurus  (20,  2).  See  Appendix  for  museum  num- 
bers. 

My  initial  selection  of  potentially  useful  characters  was 
made  from  the  detailed  systematic  treatments  of  the  genus 
by  Reeve  (1952)  and  Presch  (1969)  and  subsequently  en- 
larged following  the  study  of  specimens.  Characters  used  in 
the  phylogenetic  analysis  were  those  having  interspecihc  vari- 
ation, but  being  relatively  conservative  within  species.  The 
level  of  intraspecihc  character  variation  (racial  and  individ- 
ual) could  not  be  adequately  ascertained  in  some  cases  due 
to  small  sample  size,  especially  for  skeletal  characters.  My 
terminology  follows  that  used  by  Smith  ( 1 946),  Reeve  (1952), 
Oelrich  ( 1956),  and  Presch  ( 1 969).  Line  illustrations  of  mor- 
phological features  were  made  directly  from  specimens  using 
a drawing  tube  mounted  on  a Wild  M-5  dissecting  micro- 
scope. 

Discrimination  between  derived  and  ancestral  character 
states  was  accomplished  by  “out-group”  comparisons  (see 
Phylogenetic  Analysis)  involving  the  other  sceloporine  gen- 
era and  the  crotaphytines.  Morphological  information  per- 
taining to  these  external  groups  was  obtained  from  the  lit- 
erature and  from  examination  of  specimens.  The  species 
examined  are  listed  below;  the  number  of  alcoholic  speci- 
mens and  skeletons  follows  in  parentheses.  Callisaurus  dra- 
conoides  Blainville  (3,  4);  Cophosaurus  texanus  Troschel  (4, 
0);  Crotaphytus  collaris  (Say)  (3,  5);  Crotaphytus  insularis 
Van  Denburgh  and  Slevin  (1,  1);  Gambelia  wislixenii  (Baird 
and  Girard)  (2,  2);  Holbrookia  elegans  Bocourt  (1,  0);  Hol- 
brookia  maculata  Girard  (1,0);  Petwsaurus  mearnsi  (Stejne- 
ger)  (6,  1);  Petwsaurus  slevini  (Van  Denburgh)  (6,  1);  Petro- 
saunis  thalassinus  (Cope)  (6,  2);  Sator  angustus  Dickerson 
(6, 0);  Sator  grandaevus  Dickerson  (6,0);  Sceloporus  graciosus 
Baird  and  Girard  (0,  2);  Sceloporus  grammicus  Wiegmann 
(0,  3);  Sceloporus  merriami  Stejneger  (1,  0);  Sceloporus  oc- 


cidentalis  Baird  and  Girard  (2,  5);  Sceloporus  parvus  Smith 
(6,  0);  Sceloporus  undulatus  (Latreille)  (2,  4);  Sceloporus  var- 
iabilis  Wiegmann  (0,  2);  Uma  notata  Baird  (3,  1);  Urosaurus 
auriculatus  (Cope)  (0,  2);  Urosaurus  graciosus  Hallowell  (6, 
0);  Urosaurus  microscutatus  (Van  Denburgh)  (6,  0);  Uta 
stansburiana  Baird  and  Girard  (1,  6).  See  Appendix  for  mu- 
seum numbers. 


MORPHOLOGICAL  VARIATION 

Detailed  descriptions  of  the  skeletal  and  external  morphology 
of  Phrynosoma  have  been  published  in  a number  of  papers, 
most  notably  Cope  (1892,  1900),  Bryant  (1911),  Van  Den- 
burgh (1922),  Smith  (1946),  Reeve  (1952),  Savage  (1958), 
Etheridge  (1964),  and  Presch  (1969).  Accordingly,  the  fol- 
lowing discussions  do  not  provide  detailed  morphological 
descriptions,  but  rather  focus  on  interspecihc  and  intraspe- 
cihc variation  in  morphological  features  that  have  potential 
value  as  systematic  characters  in  this  group  of  lizards.  Char- 
acter acronyms  are  given  in  parentheses  for  morphological 
features  used  as  characters  in  the  phylogenetic  analysis.  My 
observations  and  descriptions  are  compared  with  those  of 
previous  authors,  and  signihcant  discrepancies  are  noted  and 
discussed.  I have  included  only  a few  statements  pertaining 
to  the  possible  functional  signihcance  of  some  characters  in 
the  analysis  of  character  distribution  patterns.  This  was  done 
as  a matter  of  interest,  not  as  a methodological  procedure, 
and  did  not  inhuence  the  analysis  itself  Little  information 
is  presented  here  concerning  the  morphology  of  the  mandible 
and  dentition  in  Phrynosoma.  This  information,  as  it  relates 
to  the  feeding  ecology  of  horned  lizards,  is  being  prepared 
for  publication  elsewhere. 

SKELETAL  MORPHOLOGY 

PREMAXILLA.  The  angle  of  ascent  of  the  premaxilla 
(character  PMAX)  from  its  base  to  the  point  of  suture  with 
the  nasals  varies  within  and  between  species  of  Phrynosoma. 
Presch  (1969)  noted  the  nearly  vertical  orientation  of  the 
premaxilla  in  some  species  (e.g.,  P.  platyrhinos)  and  the  more 
gradual  slant  of  the  element  (ca.  50°)  in  others,  e.g.,  P.  asio. 
I quantified  the  variation  by  measuring  the  angle  of  repose 
of  the  premaxilla  with  a protractor,  using  the  labial  margin 
of  the  maxilla  as  a line  of  reference  for  the  horizontal  (Table 
1,  Fig.  1).  The  slant  of  the  premaxilla  is  quite  steep  in  P. 
cornutum,  P.  mcallii,  P.  modestum.  and  P.  platyrhinos.  The 
premaxillary  spine  has  a more  or  less  convex  profile  in  P. 
cornutum,  but  in  P.  mcallii,  P.  modestum,  P.  platyrhinos, 
and  P.  solare  the  premaxilla  is  usually  flat  or  concave,  some- 
times convex  near  its  suture  with  the  nasals.  In  the  latter  four 
species,  the  base  of  the  premaxilla  and  the  maxillae  are  flared 
anteriorly  to  produce  a rostral  lip  (character  RLIP).  The  lip 
is  reduced  in  P.  modestum  and  absent  in  P,  cornutum.  Cope 
(1900)  described  P.  solare  as  lacking  a prominent  lip  border, 
but  I found  it  especially  pronounced  (Fig.  1).  In  the  other 
sceloporine  genera  and  the  crotaphytines,  the  premaxilla  typ- 
ically slants  at  a low  angle.  In  Phrynosoma,  the  more  steeply 
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Figure  1.  Representative  profiles  of  the  premaxillary  area  of  Phrynosoma.  Species  are  A,  P.  asio  (AMNH  19378);  B,  P.  ditmarsi  (UAZ 
3551  1);  C,  P.  byaconnieh  (AMNH  102748);  D,  P.  taunis  (CAS  141361);  E,  F.  orbiculare  (MVZ  137792);  F,  P.  douglassii  (AMNH  77050);  G, 
P.  coronatum  (AMNH  77052);  H,  P.  cormitum  (AMNH  90804);  I,  P.  solare  (AMNH  1285);  J,  P.  mcallii  (AMNH  77045);  K,  P.  platyrhinos 
(AMNH  68612);  L,  P.  modestum  (AMNH  74499). 


oriented  element  and  presence  of  a rostral  lip  are  considered 
derived  states. 

NASAL.  The  posterior  process  of  the  nasal  is  flat,  but  the 
anterior  process  forms  an  acute  angle  (character  RSFA)  to 
meet  the  premaxilla  in  P.  conmtum,  P.  mcallii.  P.  modestum, 
P.  platyrhinos,  and  P.  solare.  Anteriorly,  the  prefrontals  may 
participate  with  the  nasals  in  forming  this  abrupt  angle  (the 
rostrofrontal  angle  of  Reeve,  1952,  and  the  interpreorbital 
angle  of  Cope,  1900).  The  acute  angle  is  formed  because  the 
nasals  suture  anteriorly  with  the  steeply  ascending  spine  of 
the  premaxilla,  and  posteriorly  with  the  frontal  which  is  flat- 
tened, almost  horizontally  oriented.  The  premaxilla  ascends 
less  steeply  in  P.  solare  than  in  the  other  four  species  (Table 
1 ),  and  the  angle  in  the  nasals  is  less  abrupt  and  more  round- 
ed. In  both  P.  cormitum  and  P.  solare,  the  angle  in  the  pre- 
frontals also  tends  to  be  rounded.  In  the  remaining  species 
within  the  genus,  the  nasals  are  flat,  or  produce  only  a slight 
angle;  hence  the  skull  has  a gradually  sloping  profile.  A grad- 
ually sloping  profile  is  also  seen  in  the  other  sceloporine 
genera  and  the  crotaphytines. 

MAXILLA.  The  nasal  process  of  the  maxilla  reaches  the 
nasal  bones  (character  NAMX)  in  P.  asio,  P.  coronatum,  P. 
ditmarsi,  P.  douglassii.  and  P.  orbiculare.  The  two  elements 
are  separated  by  the  prefrontal  in  P.  braconnieri,  P.  cormitum. 


P.  mcallii,  P.  modestum,  P.  platyrhinos,  P.  solare,  and  P. 
taurus  (Fig.  2).  My  observations  agree  with  those  of  Presch 
(1969),  but  he  had  no  information  for  P.  ditmarsi  and  P. 
taunis.  Etheridge  ( 1 964:62 1 ) stated,  apparently  in  error,  that 
the  maxillae  and  nasals  are  in  contact  in  P.  mcallii.  The  nasal 
process  of  the  maxilla  reaches  the  nasal  bones  in  the  other 
sceloporine  genera  and  in  the  crotaphytine  lizards.  Contact 
between  the  maxillae  and  nasals  is  therefore  regarded  as  the 
ancestral  condition. 

The  maxilla  may  form,  to  a greater  or  lesser  degree,  part 
of  the  anteroventral  margin  of  the  orbit  in  Phrynosoma.  In 
some  specimens,  the  anterior  process  of  the  jugal  extends 
forward  to  meet  the  prefrontal,  excluding  the  maxilla  entirely 
from  the  orbital  border.  Presch  ( 1 969)  noted  that  the  element 
is  excluded  from  the  orbital  margin  in  P.  orbiculare.  How- 
ever, I found  it  to  vary  in  P.  orbiculare,  as  well  as  in  the  other 
species  (Table  2).  The  jugal  excludes  the  maxilla  (zero  percent 
values  in  Table  2)  in  some  specimens  of  P.  asio,  P.  corona- 
tum. P.  ditmarsi,  P.  douglassii,  P.  mcallii,  P.  orbiculare,  and 
P.  platyrhinos.  In  the  other  sceloporine  genera  and  the  cro- 
taphytines, the  maxilla  is  excluded  from  the  orbital  margin. 
Phrynosoma  species  with  the  lowest  mean  values  are  P.  asio, 
P.  ditmarsi,  P.  mcallii,  and  P.  orbiculare,  and,  hence,  are 
most  similar  to  the  ancestral  condition.  Phrynosoma  cor- 
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Figure  2.  Variation  in  the  arrangement  of  the  nasal,  maxilla  (both  stippled),  and  prefrontal  among  the  species  of  Phrynosoma.  Species  are 
A,  P.  asio  (AMNH  72636);  B,  P.  ditmarsi  (UAZ  3551 1);  C,  P.  taurus  (CAS  141361);  D,  P.  bmconnieri  (UTA  10281);  E,  P.  orbiculare  (MVZ 
137792);  F,  P.  douglassii  (KU  13943);  G,  P.  coronatum  (CAS  58152);  H,  P.  cornutum  (AMNH  15403);  I,  P.  solare  (AMNH  1285);  J,  P. 
mcaUii  (AMNH  77042);  K,  P.  platyrhinos  (AMNH  68612);  L,  P.  modestum  (AMNH  1327). 


mitiim  and  P.  modestum  are  considered  most  derived  for 
this  feature. 

LACRIMAL.  The  presence  of  a small  lacrimal  in  some 
species  of  Phrynosoma,  e.g.,  P.  cornutum,  P.  coronatum,  and 
P.  douglassii,  was  reported  by  Cope  ( 1 900)  and  Bryant  (1911). 
However,  Jollie  (1960),  Etheridge  (1964),  and  Presch  (1969) 
reported  that  it  was  absent  in  the  genus.  According  to  Presch, 
the  presence  of  a lacrimal  in  Phrynosoma  was  mentioned  by 
Reeve  (1952);  however,  I cannot  hnd  any  reference  to  it. 
None  of  the  specimens  of  Phrynosoma  I have  examined  has 
a lacrimal,  although  in  five  specimens  of  Phrynosoma  asio 
(AMNH  74838,  19378;  FMNH  31315;  MVZ  137771, 
137776)  there  is  a downward  projecting  spur  from  the  pre- 
frontal which  could  represent  a vestige  of  the  lacrimal.  Ab- 
sence of  the  lacrimal  has  been  explained  as  possibly  the  result 
of  loss  rather  than  fusion  (Jollie,  1960).  However,  if  my  in- 
terpretation is  correct,  the  lacrimal  may  have  fused  with  the 
prefrontal  in  Phrynosoma.  The  lacrimal  is  present  in  the 
crotaphytines  and  the  sceloporine  genera  Petrosaurus,  Sator, 
Sceloporus,  Urosauriis,  and  Uta,  but  absent  in  Callisaurus, 
Holbrookia,  and  Uma  (Presch,  1969).  According  to  Zalusky 


(1976),  however,  the  lacrimal  is  present  in  Uma  (based  on 
cleared  and  stained  specimens),  but  receded  within  the  orbital 
margin  and  lost  to  view  externally.  A similar  fate  has  been 
observed  in  the  Gekkonidae  (Camp,  1923),  but  for  an  alter- 
native explanation  in  Coleonyx,  see  Kluge  (1975).  Loss  of 
the  lacrimal  has  also  been  noted  in  at  least  some  represen- 
tatives of  the  following  lacertilian  families:  Scincidae,  Fey- 
liniidae  (=Scincidae),  Gerrhosauridae  (=Cordylidae),  La- 
certidae,  Zonuridae  (=Cordylidae),  and  Xantusiidae  (Camp, 
1923).  Moreover,  Siebenrock  (in  Camp,  op.  cit.)  noted  that 
the  lacrimal  is  small  or  lost  in  numerous  representatives  of 
Agamidae.  Zalusky’s  report  (1976)  of  a lacrimal  in  Uma 
needs  to  be  confirmed.  If  correct,  it  suggests  the  possibility 
of  independent  loss  of  the  bone  in  Phrynosoma  on  the  one 
hand  and  some  of  the  sand  lizards  on  the  other.  Alternatively, 
the  presence  of  the  element  in  Uma  could  be  regarded  as  a 
neomorph.  The  absence  of  the  lacrimal  in  Phrynosoma  is 
tentatively  considered  a derived  state. 

ECTOPTERYGOID.  The  anterior  expansion  of  the  ec- 
topterygoid  (character  ECTO)  varies  among  the  species  of 
Phrynosoma.  Presch  (1969)  noted  anterior  expansion  of  the 
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element  in  all  species  of  Phrynosoma  except  P.  orbiculare 
which  has  little  or  no  expansion.  In  the  remaining  species, 
as  the  element  becomes  shortened  anterior  to  posterior,  there 
is  increased  expansion.  In  the  other  sceloporine  genera  and 
crotaphytines,  the  ectopterygoid  is  not  expanded.  The  shape 
and  orientation  of  the  element  in  P.  orbiculare  are  similar  to 
those  noted  in  other  sceloporines.  The  derived  condition  in 
Phrynosoma  is  represented  by  an  expanded  and  shortened 
element. 

JUGAL.  The  temporal  process  of  the  jugal  is  expanded 
(character  JUSH)  in  Phrynosoma  (Presch,  1969),  but  there 
is  considerable  variation  in  the  degree  of  expansion  and  gen- 
eral shape  of  the  element  among  the  species  (Fig.  3).  The 
jugal  is  relatively  narrow  at  its  posterior  end  in  P.  asio,  but 
less  so  in  P.  ditmarsi.  In  the  other  species,  the  element  is 
more  expanded.  In  P.  braconnieri  and  P.  taurus,  the  bone  is 
triangular,  greatly  expanded,  with  a nearly  flat  posterior  bor- 
der (character  JUSA).  In  P.  douglassii  and  P.  orbiculare  the 
border  slopes  posteriorly.  In  P.  cornutum,  P.  coronatum,  P. 
mcallii,  P.  modestum,  P.  platyrhinos,  and  P.  solare,  the  pos- 
terior border  slants  anteriorly.  In  the  other  sceloporine  genera 
and  the  crotaphytines,  the  jugal  is  long  and  slender. 


Table  2.  Variation  in  the  length  of  the  maxilla  contacting  the  orbital 
margin,  expressed  as  a percentage  of  the  total  length  of  the  maxilla. 
Zero  values  in  the  columns  for  mean  and  range  indicate  that  the 
maxilla  is  completely  excluded  from  the  orbital  margin  by  the  an- 
terior jugal  process.  Abbreviations  are  N (sample  size),  X (mean), 
S.E.  (standard  error),  and  S.D.  (standard  deviation). 


Species 

N 

X 

S.E. 

S.D. 

Range 

P.  asio 

9 

2.2 

— 

— 

0-8.7 

P.  braconnieri 

3 

7.5 

- 

- 

6.3-9.3 

P.  cornutum 

33 

21.5 

1.1 

6.2 

11.3-35.1 

P.  coronatum 

33 

7.4 

1.2 

6.7 

0-23.6 

P.  ditmarsi 

1 

0 

— 

- 

— 

P.  douglassii 

23 

6.7 

1.4 

6.8 

0-21.4 

P.  mcallii 

17 

0.7 

0.3 

1.4 

0-4.4 

P.  modestum 

6 

18.1 

— 

— 

1 1.1-22.2 

P.  orbiculare 

10 

2.8 

— 

— 

0-7.9 

P.  platyrhinos 

35 

9.9 

0.9 

5.6 

0-25.0 

P.  solare 

18 

1 1.4 

0.6 

2.5 

7.1-17.0 

P.  taurus 

2 

9.3 

— 

— 

5.3-13.2 

Figure  3.  Variation  in  the  shape  of  the  jugal  among  the  species  of  Phrynosoma.  Species  are  A,  P.  asio  (MVZ  137771);  B,  P.  ditmarsi  (UAZ 
3551  1);  C,  P.  taurus  (UTA  17129);  D,  P.  braconnieri  (UTA  10281);  E,  P.  orbiculare  (MVZ  137792);  F,  P.  douglassii  (MVZ  77046);  G,  P. 
coronatum  (MVZ  272);  H,  P.  cornutum  (MVZ  78385);  I,  P.  solare  (MVZ  79602);  J,  P.  mcallii  (MCZ  44822);  K,  P.  platyrhinos  (UMMZ 
149123);  L,  P.  modestum  (UMMZ  149121). 
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The  surface  of  the  jugal  (character  JUSU)  is  quite  smooth 
with  a weak,  convex  ridge  in  Phrynosoma  asio.  In  P.  bra- 
connieri  the  surface  is  slightly  rugose  with  one  to  three  weak 
tuberosities.  The  surface  is  more  strongly  rugose  in  P.  taiirus. 
There  is  a series  of  several  low  tuberosities  with  or  without 
a distinct  process  at  the  posterior  end  of  the  bone  in  P. 
douglassii.  The  tuberosities  are  prominent  in  some  speci- 
mens, especially  in  P.  d.  hernandesi.  In  P.  orbiculare.  the 
jugal  usually  bears  one  or  two  low  tuberosities,  and  a more 
pronounced  one  at  its  posterior  edge.  In  P.  ditmarsi  there  is 
a linear  series  of  three  to  six  low,  but  peaked,  tuberosities 
along  a convex  ridge  on  the  bone.  The  jugal  has  two  to  three 
horn-like  processes  in  P.  coronatum  and  P.  solare,  and  three 
to  five  processes  in  P.  cornutum,  P.  modestuni,  P.  mcallii, 
and  P.  platyrhinos.  The  element  is  essentially  smooth  in  other 
groups  of  sceloporines  and  the  crotaphytines. 

FRONTAL.  The  frontal  is  T-shaped  and  forms  the  medial 
and  posterior  borders  of  the  orbits.  The  dorsal  surface  of  the 
frontal  is  remarkably  smooth  in  Phrynosoma  asio,  but  is 
ornamented  in  the  other  species.  In  P.  coronatum,  the  medial 
border  area  may  be  smooth  or  rugose,  and  there  may  be  one 
or  several  low,  rounded,  or  peaked  tubercles  along  the  pos- 
terior orbital  borders.  In  P.  braconnieri  and  P.  taurus,  a series 
of  rounded,  slightly  peaked  tubercles  extends  from  the  pos- 
terior orbital  border  to  the  posterior  half  of  the  medial  border. 
In  P.  ditmarsi,  the  medial  border  is  rugose,  and  there  are 
three  to  four  peaked  tubercles  along  the  posterior  orbital 
border.  In  P.  douglassii,  the  anterior  half  of  the  medial  border 
area  is  rugose,  changing  to  low,  rounded,  rugose  tuberosities 
posteriorly,  and  in  some  specimens,  becoming  peaked  tu- 
bercles. In  P.  orbiculare,  weak  rugosities  or  low  tubercles 
occur  along  the  medial  border  area,  becoming  somewhat 
peaked  and  enlarged  along  the  posterior  orbital  border.  In 
P.  mcallii,  P.  modestum,  and  P.  platyrhinos,  the  surface  of 
the  frontal  has  low,  rounded,  rugose  tuberosities,  which  be- 
come slightly  peaked  posteriorly.  The  ornamentation  extends 
nearly  the  entire  length  of  the  frontal  in  P.  mcallii,  but  is 
limited  to  the  posterior  half  of  the  element  in  P.  modestum 
and  P.  platyrhinos.  In  P.  solare,  there  is  a series  of  low, 
peaked  tubercles  which  become  prominent  near  the  super- 
ciliary spine.  In  P.  cornutum,  the  frontal  has  peaked  tubercles 
which  become  enlarged  processes  along  the  posterior  orbital 
border.  The  frontal  is  relatively  smooth  in  the  majority  of 
the  other  sceloporine  genera  and  the  crotaphytines. 

PARIETAL.  The  dorsal  surface  of  the  parietal  is  relatively 
smooth,  with  slight,  rounded  elevations  in  Phrynosoma  asio. 
In  the  other  species,  the  parietal  surface  is  ornamented.  In 
Phrynosoma  taurus  the  surface  is  rugose,  with  low  tubercles 
and  ridges  that  appear  to  radiate  from  the  center  of  the  ele- 
ment. In  P.  ditmarsi  the  parietal  surface  is  less  rugose,  with 
two  low  tubercles.  The  parietal  surface  may  have  two  or  more 
low  tubercles  and  may  or  may  not  be  slightly  rugose  in  P. 
douglassii.  The  tubercles  are  slightly  more  conical  and  point- 
ed in  P.  braconnieri  and  P.  orbiculare,  and  appear  more 
elongate  and  spine-like  in  some  P.  coronatum,  P.  cornutum, 
and  P.  solare.  The  parietal  surface  has  low,  rugose  tuberos- 
ities in  P.  mcallii,  P.  modestum,  and  P.  platyrhinos.  The 
parietal  is  without  surface  ornamentation  in  the  other  sce- 


loporine genera  and  the  crotaphytine  genera.  In  Phrynosoma, 
low  tuberosities,  and  conical  and  spine-like  tubercles  rep- 
resent progressively  derived  features. 

The  posterior  margin  of  the  parietal  (character  PANO) 
forms  a deep,  narrow  notch  in  Phrynosoma  ditmarsi.  In  the 
other  species  of  Phrynosoma  such  an  indentation  is  lacking; 
its  unique  presence  in  P.  ditmarsi  is  a derived  condition. 

Phrynosoma  solare  is  the  only  member  of  the  genus  with 
four  parietal  horns;  this  unique  feature  probably  represents 
a derived  character  state.  All  other  homed  lizards  have  two 
horns,  and  in  some  species  the  horns  are  greatly  reduced. 
The  origin  of  the  extra  pair  of  parietal  horns  in  P.  solare  is 
open  to  speculation.  Most  Phrynosoma  species  have  several 
enlarged  scales  at  the  base  of  the  parietal  horns.  One  of  the 
scales  located  dorsolaterally  on  the  base  (character  PARS)  is 
enlarged  and  projecting  in  P.  modestum,  P.  mcallii,  and  P. 
platyrhinos,  especially  so  in  the  latter  two  species.  I suggest 
that  the  additional  parietal  horn  arose  from  this  bony  pro- 
jection. Alternatively,  there  is  an  enlarged  scale  (which  is 
developed  as  a projection  only  in  some  P.  coronatum)  medial 
to  the  base  of  the  last  squamosal  horn.  This  scale  would  seem 
less  probable  as  the  point  of  origin  because  it  is  located  on 
the  squamosal,  not  the  parietal  bone. 

There  is  considerable  variation  in  the  length  of  the  parietal 
horns  among  the  species  of  Phrynosoma.  Also,  there  appears 
to  be  geographic  variation  in  horn  length  in  several  species, 
e.g.,  Phrynosoma  douglassii  and  P.  coronatum,  which  have 
extensive  latitudinal  distributions.  The  parietal  horns  were 
measured  and  the  length  was  expressed  as  a percentage  of 
the  skull  length  in  each  species.  The  range  in  variation  of 
parietal  horn  length  was  used  to  establish  categories,  more 
or  less  arbitrarily.  The  categories,  range  of  variation  (in  pa- 
rentheses), and  assigned  species,  are  as  follows:  1)  very  short 
(6.9-11.2%),  Phrynosoma  ditmarsi:  2)  short  (12.1-20.1%), 
P.  douglassii,  P.  taurus;  3)  moderate  (17.9-29.7%),  P.  asio, 
P.  braconnieri,  P.  modestum,  P.  orbiculare;  4)  moderately 
long  (33.7-41.9%),  P.  platyrhinos;  5)  long  (37.8  — 60.2%),  P. 
cornutum,  P.  coronatum,  P.  solare;  and  6)  very  long  (60.8- 
66.2%),  P.  mcallii. 

SUPRAOCCIPITAL.  In  Phrynosoma,  the  dorsal  border 
of  the  supraoccipital  bears  a stout  midsagittal  process,  and 
an  anterolateral  process  on  each  side  upon  which  the  pos- 
terior border  of  the  parietal  rests  (Presch,  1969).  This  tri- 
partite contact  (character  SPOP)  is  found  in  all  species  of 
horned  lizards  except  Phrynosoma  asio,  in  which  the  entire 
dorsal  edge  of  the  supraoccipital  contacts  the  parietal  (Fig. 
4).  Some  interspecific  variation  is  present  in  the  tripartite 
joint  in  terms  of  the  size  of  the  foramina  produced  between 
the  processes.  In  Phrynosoma  mcallii,  more  of  the  dorsal 
edge  of  the  supraoccipital  nearly  reaches  the  parietal  so  that 
the  foramina  are  reduced  to  slit-like  apertures.  Thus,  the 
condition  in  P.  mcallii  approaches  that  observed  in  P.  asio. 
In  the  other  sceloporine  genera,  there  are  also  three  points 
of  connection  between  the  two  elements.  The  amount  of 
direct  bony  connection  appears  to  vary  ontogenetically  and 
interspecifically  (K.  de  Queiroz,  pers.  comm.).  Compared 
with  the  tripartite  joint  in  Phrynosoma,  the  connections  ob- 
served in  other  sceloporines  are  weaker  and  less  buttressed. 
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Figure  4.  Posterior  aspect  of  the  skull  of  a representative  sceloporine.  A,  Urosaiirus  auhciilatus  (LACM  132547),  and  three  species  of 
Phrynosoma:  B,  P.  orbicidare  (MCZ  1 1 3 1 3);  C,  P.  mcallii  (MCZ  44822);  and  D,  P.  asio  (AMNH  72636),  showing  variation  in  the  joint  between 
the  supraoccipital  and  parietal.  In  Urosaunis,  the  stalk-Iike  processus  ascendens  attaches  under  the  posterior  margin  of  the  parietal. 


The  single  midsagittal  connection  is  by  way  of  the  processus 
ascendens,  a slender,  stalk-like,  calcified  element.  In  Phry- 
nosoma, the  processus  ascendens  is  usually  enclosed  within 
the  stout,  median  dorsal  process  of  the  supraoccipital  (Presch, 
1969).  The  complete  contact  between  the  two  elements,  which 
among  horned  lizards  is  unique  to  Phrynosoma  asio,  is  con- 
sidered a derived  character  state,  relative  to  the  more  prev- 
alent tripartite  condition. 

In  Phrynosoma,  there  is  variation  in  the  angle  of  inclina- 
tion of  the  supraoccipital  from  the  edge  of  the  foramen  mag- 
num to  the  median  connection  with  the  parietal.  The  supra- 
occipital extends  nearly  vertically  to  reach  the  parietal  in 
Phrynosoma  braconnieri,  P.  mcallii,  P.  modestum,  P.  orbic- 
ulare,  and  P.  platyrhinos.  The  element  is  nearly  vertical  above 
the  foramen  magnum,  and  then  arches  posteriorly  to  contact 
the  parietal  in  P.  cornutum  and  P.  solare,  but  in  P.  taurus  it 
immediately  arches  posteriorly.  In  P.  coronalum  and  P. 
douglassii,  orientation  of  the  supraoccipital  is  vertical  in  some 
specimens,  but  extends  anteriorly  at  a slight  angle  in  others. 
The  anterior  slant  is  somewhat  more  pronounced  in  P.  asio 
and  P.  ditmarsi.  In  other  sceloporine  genera,  the  supraoc- 
cipital is  relatively  large,  and  extends  anteriorly  to  reach  the 


parietal  bone.  Hence,  the  condition  seen  in  P.  asio  and  P. 
ditmarsi  vaguely  resembles  that  observed  in  other  scelopo- 
rines. 

SUPRAORBITAL  BAR.  Phrynosoma  is  characterized  by 
a posteriorly  directed  prefrontal  process  and  an  anteriorly 
directed  frontal  process;  the  two  processes  may  closely  ap- 
proach each  other,  or  meet  to  produce  a complete  supraor- 
bital bar  or  arch  (Etheridge,  1 964;  Presch,  1 969).  A complete 
supraorbital  bar  (character  SBAR)  is  present  in  Phrynosoma 
cornutum,  P.  mcallii,  P.  solare,  and  P.  taurus.  The  arch  is 
narrowly  incomplete  in  P.  asio,  but  more  widely  interrupted 
in  P.  braconnieri,  P.  coronatum,  P.  ditmarsi,  P.  douglassii, 
P.  modestum,  P.  orbicidare,  and  P.  platyrhinos  (Table  3,  Fig. 
5).  In  species  with  a complete  arch,  the  condition  develops 
in  postembryonic  ontogeny,  and  the  location  of  the  suture 
between  the  prefrontal  and  frontal  processes  varies  some- 
what. It  was  calculated  as  a percentage  value  (distance  A 
divided  by  distance  B x 100;  Fig.  5J).  The  mean  and  range 
of  values  obtained  are:  Phrynosoma  cornutum  (75.3%,  54.3- 
84.0%);  P.  mcallii  (65.3%,  60.1-69.5%);  P.  solare  (74.5%, 
69.3-78.3%);  and  P.  taurus  (65.1%,  no  range).  Other  scelop- 
orine genera  and  the  crotaphytines  lack  prefrontal  and  frontal 
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Table  3.  Variation  in  the  distance  separating  the  ends  of  the  pre- 
frontal and  frontal  processes,  expressed  as  a percentage  of  the  orbital 
distance.  Abbreviations  are  N (sample  size),  X (mean),  S.E.  (standard 
error),  and  S.D.  (standard  deviation).  Zero  values  indicate  a complete 
supraorbital  bar. 


Species 

N 

X 

S.E. 

S.D. 

Range 

P.  asio 

7 

5.4 

— 

— 

0-14.5 

P.  braconnieri 

3 

17.9 

- 

- 

8.9-25.1 

P.  cornutum 

1 1 

0 

- 

- 

— 

P.  coronatum 

22 

18.5 

1.6 

7.7 

7.9-38.1 

P.  ditmarsi 

1 

20.4 

— 

- 

- 

P.  douglassii 

13 

29.3 

- 

- 

1 1.7-46.1 

P.  mcallii 

7 

0 

— 

— 

— 

P.  modestum 

5 

47.2 

— 

— 

41.0-56.6 

P.  orbiculare 

5 

24.5 

— 

— 

8.7-43.6 

P.  platyrhinos 

17 

29.2 

1.4 

5.6 

15.7-37.0 

P.  solare 

7 

0 

- 

- 

- 

P.  taurus 

2 

0 

— 

— 

— 

processes.  Hence,  Phrynosoma  species  with  a wide  gap  be- 
tween the  processes  are  close  to  the  ancestral  condition, 
whereas  narrowly  interrupted  and  complete  bony  arches  rep- 
resent progressively  derived  character  states. 

POSTORBITAL.  The  postorbital  bone  forms  a major  por- 
tion of  the  posterior  border  of  the  orbit.  The  dorsal  process 
of  the  postorbital  is  sutured  with  the  posterolateral  comer 
of  the  frontal  and  the  anterolateral  corner  of  the  parietal;  the 
ventral  process  is  joined  with  the  jugal  and  squamosal  (Presch, 
1969).  In  Phrynosoma  asio,  P.  braconnieri,  P.  cornutum,  P. 
ditmarsi,  and  P.  taurus,  the  postorbital  is  oriented  vertically 
(character  POST)  and  curves  outward  gradually  and  to  a 
limited  extent.  In  Phrynosoma  orbiculare,  P.  douglassii,  P. 
coronatum,  P.  mcallii,  P.  modestum,  P.  platyrhinos,  and  P. 
solare,  the  postorbital  curves  outward  more  rapidly  and  to 
a greater  degree  (Fig.  6).  In  the  latter  group  of  species,  the 
skull  is  relatively  more  depressed  and  flaring,  which  is  pos- 
sibly an  adaptation  for  more  efficient  burrowing.  In  the  cro- 
taphytines  and  the  sceloporines,  including  the  sand  lizards, 
the  postorbital  slants  outward  to  a lesser  extent  than  in  Phry- 
nosoma. The  element  has  little  or  no  concave  curvature,  but 
instead  is  usually  flat  or  somewhat  convex. 


Figure  5.  Variation  among  the  species  of  Phrynosoma  in  the  extent  of  closure  of  the  prefrontal  and  frontal  processes  to  form  a supraorbital 
bar  or  arch.  The  species  (in  dorsal  view)  are  A,  P.  asio  (AMNH  74838);  B,  P.  braconnieri  (AMNH  102748);  C,  P.  ditmarsi  (UAZ  3551  1);  D, 
P.  taurus  (UTA  17129);  E,  P.  orbiculare  (AMNH  15423);  F,  P.  douglassii  (CAS  34706);  G,  P.  coronatum  (USNM  220242);  H,  P.  platyrhinos 
(AMNH  77039);  I,  P.  modestum  (AMNH  74597);  J,  P.  mcallii  (MCZ  44822);  K,  P.  solare  (AMNH  2579);  L,  P.  cornutum  (MCZ  169686).  J 
illustrates  how  the  position  of  the  suture  between  the  two  processes  was  calculated.  See  text  for  explanation. 
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Figure  6.  Posterior  aspect  of  the  right  side  of  the  skulls  of  Phrynosoma.  showing  variation  in  the  orientation  and  slope  of  the  postorbital. 
The  species  are  A,  P.  asio  (MVZ  137771);  B,  P.  ditmarsi  (UAZ  3551  1);  C,  P.  taunts  (UTA  17129);  D,  P.  braconnieri  (UTA  10281);  E,  P. 
orbiculare  (MVZ  137792);  F,  P.  doiiglassii  (MVZ  77046);  G,  P.  cownatum  (MVZ  272);  H,  P.  conmtum  (MVZ  78385);  I,  P.  mcallii  (MCZ 
44822);  J,  P.  modestiitn  (MCZ  169857);  K,  P.  platyrhinos  (UMMZ  149123);  L,  P.  solare  (MVZ  79602). 


The  outer  surface  of  the  postorbital  may  be  smooth  or 
ornamented  with  small  bony  processes.  The  surface  is  smooth 
in  Phrynosoma  asio.  Presch  ( 1 969)  listed  P.  douglassii  and 
P.  solare  also  as  having  a smooth  postorbital  surface.  How- 
ever, I have  noted  one  low  tuberosity  on  the  postorbital  in 
some  P.  douglassii.  while  in  the  majority  of  P.  solare,  one  or 
two  processes  are  present.  The  remaining  species,  i.e.,  P. 
braconnieri,  P.  cornutum,  P.  coronatum,  P.  ditmarsi.  P. 
mcallii.  P.  modestum,  P.  orbiculare.  P.  platyrhinos,  and  P. 
taunts  have  a rugose  surface  or  one  or  more  bony  processes. 

SUPRATEMPORAL  FOSSA.  In  Phrynosoma  mcallii,  the 
supratemporal  fossa  (character  SUFO)  is  absent  in  old  adults, 
being  occluded  ontogenetically  by  bone  extending  inward 
from  the  parietal,  squamosal,  and  postorbital  (Norris  and 
Lowe,  1951).  The  fossa  is  present  in  all  other  Phrynosoma, 
as  well  as  in  the  other  sceloporine  and  crotaphytine  genera. 
Occlusion  of  the  supratemporal  fossa  is  a derived  character 
state. 

SQUAMOSAL.  In  Phrynosoma,  the  squamosal  bears  a 
variable  number  of  horns  which  in  most  species  increase  in 
size  from  anterior  to  posterior.  Phrynosoma  asio  has  two 
horns.  Phrynosoma  braconnieri  typically  has  three  horns,  but 
in  one  specimen  there  are  two  additional  small  projections 
on  the  right  side  and  one  on  the  left.  There  are  three  squa- 
mosal horns  in  P.  cornutum.  P.  mcallii,  P.  modestum,  P. 
orbiculare,  and  P.  platyrhinos.  Presch  (1969),  however,  noted 
four  horns  in  P.  modestum.  The  number  of  horns  varies  from 
two  to  three  in  P.  coronatum  and  P.  douglassii.  In  the  latter 
species,  there  may  be  one  or  two  smaller  projections  situated 


above  the  normal  row  of  horns.  In  P.  ditmarsi  there  are  three 
horns,  with  two  additional,  smaller  projections  situated  be- 
tween and  slightly  above  the  others.  Phrynosoma  solare  has 
four  horns.  Phrynosoma  taunts  has  a single  large  squamosal 
horn,  flanked  by  two  smaller  spurs;  additionally,  there  are 
two  rugose  projections  on  the  dorsal  base  of  the  large  horn. 
Squamosal  horns  are  unique  to  the  genus  Phrynosoma.  being 
absent  in  other  sceloporines  and  crotaphytines.  The  ancestral 
condition  may  have  been  two  squamosal  horns.  The  single, 
greatly  enlarged  horn  in  P.  taunts  is  a specialization,  appar- 
ently derived  from  a three-horned  squamosal,  and  involving 
elongation  of  the  element  and  enlargement  of  the  middle 
horn.  Phrynosoma  taunts  is  the  only  species  in  the  genus 
having  a greatly  elongated  squamosal  bone  (character  SQSH). 
In  the  other  horned  lizard  species,  the  squamosal  forms,  more 
or  less,  a rounded  arch. 

MANDIBLE  SHAPE.  The  mandible  is  robust  and  has 
enormous  vertical  expansion  (character  MAND)  in  Phry- 
nosoma ditmarsi,  but  the  remaining  species  have  no  such 
expansion.  The  unique,  apparently  derived  morphology  of 
the  lower  jaw  in  P.  ditmarsi  is  possibly  an  adaptation  for 
masticating  large,  chitinous  arthropods. 

CORONOID.  Presch  (1969)  noted  that  the  coronoid  may 
overlap  the  dentary  and  the  surangular  bones.  He  found  over- 
lap to  be  present  in  P.  asio,  P.  cornutum.  P.  coronatum,  P. 
douglassii,  and  P.  orbiculare.  Reduced  overlap  was  noted  in 
P.  platyrhinos  and  P.  modestum,  whereas  no  overlap  was 
seen  in  P.  braconnieri.  P.  mcallii,  and  P.  solare.  Additionally, 
I have  noted  overlap  in  P.  ditmarsi,  and  reduced  overlap  in 
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Figure  7.  The  hyoid  apparatus  in  Phrynosoma.  showing  variation  in  the  length  of  the  second  ceratobranchials.  The  species  are  A,  P.  asio 
(RRM  1754);  B,  P.  hraconnieri  (UTA  4840);  C,  P.  ditmarsi  (UAZ  3551  1);  D,  P.  taurus  (UTA  4841);  E,  P.  orbiculare  (RRM  2378);  F,  P. 
doiiglassii  (RRM  2389);  G,  P.  coronatum  (RRM  2395);  FI,  P.  cornutum  (RRM  2094);  I,  P.  mcallii  (RRM  2397);  J,  P.  modestum  (RRM  2396); 
K,  P.  platyrhinos  (RRM  2394);  L,  P.  solare  (RRM  2405). 


P.  taurus.  Presch  (1969)  noted  varying  overlap  between  the 
elements  in  other  sceloporines. 

DENT  ARY.  The  lateral  surface  of  the  dentary  (character 
DENS)  is  rounded  and  smooth  in  Phrynosoma  asio,  P.  bra- 
connieri,  P.  coronatum,  P.  ditmarsi,  P.  douglassii,  P.  orbic- 
ulare, and  P.  taurus.  The  dentary  is  more  angular  and  has 
protuberances  or  horns  in  P.  cornutum.  P.  mcallii,  P.  mo- 
destum, P.  platyrhinos.  and  P.  solare.  Presch  (1969)  listed, 
apparently  in  error,  P.  modestum  as  one  of  the  species  having 
a smooth  dentary.  He  also  described  the  dentary  surface  as 
being  rugose  in  P.  ditmarsi.  My  impression  is  that  the  lateral 
surface  of  the  element  is  rather  smooth  in  P.  ditmarsi.  Also, 
the  dentary  is  expanded  and  somewhat  concave  posteriorly, 
and  its  lower  posterior  margin  may  bear  one  of  several  flat- 
tened, ventrally  directed  projections,  the  remainder  being 
found  on  the  surangular.  Other  sceloporine  genera  and  the 
crotaphytine  lizards  have  a smooth,  more  or  less  rounded 
dentary  surface. 


SURANGULAR.  The  lateral  surface  of  the  surangular 
(character  SURA)  is  smooth  and  more  or  less  convexly 
rounded  in  Phrynosoma  coronatum,  P.  douglassii,  and  P. 
orbiculare.  The  surangular  is  horizontally  expanded  with  a 
prominent  angular  edge  in  P.  asio,  P.  braconnieri,  and  P. 
taurus.  The  edge  has  an  upturned  lip  in  P.  braconnieri.  In  P. 
ditmarsi  the  surangular  has  horns  situated  nearly  ventrally 
that  project  at  a downward  angle.  The  outer  face  of  the  sur- 
angular bears  laterally  directed  horns  in  P.  cornutum,  P. 
mcallii,  P.  modestum,  P.  platyrhinos,  and  P.  solare.  The  lat- 
erally directed  horns  on  the  surangular  and  dentary  provide 
bony  support  for  the  enlarged  chinshields  which,  so  strength- 
ened, might  be  more  effective  defensive  structures,  or  pos- 
sibly function  more  efficiently  in  burrowing.  Although  P. 
coronatum  has  enlarged  chinshields,  the  bony  supports  are 
lacking. 

ANGULAR.  The  angular  (character  ANGU)  is  absent  in 
Phrynosoma  mcallii  and  most  specimens  of  P.  modestum 
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(Presch,  1969).  The  bone  is  present  in  the  remaining  species 
of  Phrynosoma  and  in  other  sceloporine  genera  (Etheridge, 
1964)  and  the  crotaphytines.  Its  absence  is  considered  a de- 
rived character  state. 

SPLENIAL.  The  splenial  (character  SPLN)  is  present  in 
all  species  of  Phrynosoma  except  P.  mcallii  (Presch,  1 969). 
The  element  is  present  and  well  developed  in  the  other  sce- 
loporine genera  and  in  the  crotaphytines.  Loss  of  the  splenial 
represents  a derived  condition. 

HYOID.  The  hyoid  apparatus  of  Phrynosoma  varies 
primarily  in  the  extent  of  development  of  the  second  cera- 
tobranchials.  Presch  (1969)  concluded  that  these  cartilagi- 
nous processes  are  absent  in  P.  braconnieri,  P.  mcallii,  and 
P.  solare,  present  in  P.  asio,  and  present,  but  reduced,  in  the 
remaining  species.  In  my  study,  the  hyoid  was  examined  in 
alcoholic  specimens,  and  the  entire  apparatus  was  teased 
from  the  surrounding  musculature  in  a water-filled  petri  dish. 
The  second  ceratobranchials  were  found  in  all  species  of 
Phrynosoma  (Fig.  7).  Undoubtedly,  these  delicate  cartilagi- 
nous structures  are  easily  lost  in  dried  skeletal  preparations. 
The  processes  are  longest  in  P.  asio  and  shortest  in  P.  bra- 
connieri and  P.  taiirus.  Proportional  values  (based  on  length 
of  process  divided  by  width  of  hyoid  body  between  the  pro- 
cesses) were  calculated  from  one  specimen  each  as  follows: 
Phrynosoma  asio  (2.62),  P.  coronatum  (2.14),  P.  orbiculare 
(2.00),  P.  platyrhinos  (2.00),  P.  corniitum  ( 1 .87),  P.  douglassii 
(1.85),  P.  ditmarsi  (\  AO),  P.  solareiXAl),  P.  modestum  {\  Al), 
P.  mcallii  (1.30),  P.  braconnieri  (1.00),  and  P.  taiirus  (0.83). 
In  the  other  sceloporines,  the  second  ceratobranchials  are 
long  (Presch,  1969). 

SUPRACORACOID  FORAMEN.  The  supracoracoid  fo- 
ramen is  small,  and  is  situated  anterior  to  the  glenoid  fossa 
in  Phrynosoma.  The  foramen  is  present  in  all  species  of  homed 
lizards  except  P.  corniitum  and  P.  modestiim  in  which  it  may 
have  become  incorporated  with  the  primary  coracoid  fenes- 
tra (Presch,  1969;  for  terminology  see  Etheridge,  1964:fig.  3). 
A small  supracoracoid  foramen  is  present  in  all  other  sce- 
loporines (Etheridge,  1964;  Presch,  1969),  and  therefore  its 
absence  in  two  species  of  Phrynosoma  is  considered  a derived 
condition. 

INTERCLAVICLE.  The  interclavicle  is  a median  element 
attached  to  the  anterior  margin  of  the  sternum,  having  a pair 
of  lateral  processes  and,  in  most  Phrynosoma,  a median  pro- 
cess (character  ICMP).  There  is  variation  in  the  shape  and 
orientation  of  the  lateral  processes,  but  apparently  the  vari- 
ation has  little  systematic  value.  The  length  of  the  median 
process  varies  within  and  between  species  (Table  4,  Fig.  8). 
The  amount  of  variation  within  some  species  is  considerable; 
see  in  Figure  8,  for  example,  P.  corniitum  (nos.  5-8),  P. 
douglassii  (nos.  15-18),  and  P.  orbiculare  (nos.  22-23).  This 
variation,  at  least  in  P.  corniitum  and  P.  douglassii,  does  not 
appear  to  be  geographically  correlated.  Presch  (1969)  indi- 
cated that  the  median  process  is  absent  in  P.  asio,  P.  mo- 
destum,  and  P.  platyrhinos.  In  my  study,  all  three  species 
were  found  to  have  the  median  process.  In  Phrynosoma  asio, 
the  process  has  a unique  appearance,  being  broad  and  spade- 
like. In  three  of  18  P.  platyrhinos,  and  in  ten  of  35  P.  cor- 
nutum  examined,  the  median  process  was  absent.  In  the  other 


Table  4.  Variation  in  the  length  of  the  interclavicle  median  process 
(in  mm)  among  the  species  of  Phrynosoma.  Abbreviations  are  N 
(sample  size),  X (mean),  S.E.  (standard  error),  and  S.D.  (standard 
deviation). 


Species 

N 

X 

S.E. 

S.D. 

Range 

P.  asio 

6 

2.45 

— 

— 

1.78-3.04 

P.  braconnieri 

4 

2.21 

- 

— 

1.63-3.00 

P.  cornutum 

35 

0.76 

0.18 

1.04 

0-4.75 

P.  coronatum 

19 

1.72 

0.16 

0.68 

0.34-3.55 

P.  ditmarsi 

3 

1.30 

- 

- 

1.1 1-1.57 

P.  douglassii 

14 

2.32 

- 

- 

0.86-4.05 

P.  mcallii 

4 

1.50 

- 

- 

1.06-1.96 

P.  modestum 

1 

1.20 

- 

- 

— 

P.  orbiculare 

6 

2.64 

— 

- 

0.80-4.84 

P.  platyrhinos 

18 

0.71 

0.10 

0.44 

0-1.42 

P.  solare 

13 

2.40 

- 

- 

1.03-3.99 

P.  taurus 

2 

1.30 

— 

— 

1.28-1.31 

sceloporine  genera  and  the  crotaphytines,  the  median  process 
of  the  interclavicle  is  relatively  long  (Presch,  1969;  Weiner 
and  Smith,  1965). 

CAUDAL  VERTEBRAE.  Unlike  typical  lizards,  Phry- 
nosoma are  squat  reptiles  with  relatively  short  tails.  In  some 
species  of  homed  lizards,  the  reduction  in  tail  length  is  ex- 
treme. I have  counted  the  number  of  caudal  vertebrae  (char- 
acter CAUD)  in  several  species  and  compared  my  counts 
with  those  from  Presch  ( 1 969:table  1 ).  I have  substituted  my 
counts  only  in  cases  where  the  previous  information  is  be- 
lieved questionable,  or  where  my  data  have  changed  the 
observed  range  of  variation.  In  the  data  presented  below, 
each  species  is  followed  by  the  sample  size  and  range  in 
number  of  caudal  vertebrae  in  parentheses. 

The  tail  is  very  short  in  two  species,  Phrynosoma  bracon- 
nieri (4,  10-1 1 ) and  P.  taurus  (4,  9-12).  The  tail  is  considered 
short  in  P.  ditmarsi  (1,  14).  The  tail  is  of  moderate  length  in 
the  remaining  species,  with  considerable  overlap  in  the  ob- 
served range  of  variation:  Phrynosoma  asio  (3,  20-22);  P. 
cornutum  (25,  16-22);  P.  coronatum  (9,  19-23);  P.  douglassii 
(40,  19-22);  P.  mcallii  (9,  21-24);  P.  modestum  (6,  16-20); 
P.  orbiculare  (5,  18-24);  P.  platyrhinos  (22,  20-24);  and  P. 
solare  (13,  19-20).  On  the  basis  of  typical  lacertilian  tail- 
body  proportions,  a moderate  tail  length  in  Phrynosoma  is 
the  ancestral  character  state,  and  any  reduction  in  the  number 
of  caudal  vertebrae  (<  16)  is  considered  a derived  condition. 

EXTERNAL  MORPHOLOGY 

EXTERNAL  NARIS.  The  external  naris  is  situated  (char- 
acter PNAR)  on  the  line  of  the  canthus  rostralis  in  Phryno- 
soma asio,  P.  ditmarsi,  P.  douglassii,  and  P.  orbiculare.  The 
external  naris  lies  above  the  canthus  rostralis,  i.e.,  both  nares 
are  situated  well  within  the  canthal  lines  and  slightly  closer 
to  the  orbits  in  P.  braconnieri,  P.  cornutum,  P.  mcallii,  P. 
modestum,  P.  platyrhinos,  P.  solare,  and  P.  taurus.  The  char- 
acter is  variable  among  the  subspecies  of  P.  coronatum. 
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Figure  8.  Variation  in  the  length  and  shape  of  the  medial  process  of  the  interclavicles  of  Phrynosoma  species.  The  species  are  P.  asio  (1, 
AMNH  74839;  2,  MVZ  13771),  P.  bracotmien  (3,  UTA  10281;  4,  USNM  165694),  P.  cornutum  (5,  UMMZ  1491 15;  6,  KU  20993;  7,  AMNH 
76188;  8,  MVZ  78386),  P.  cownatum  (9,  MCZ  131759;  10,  MVZ  137775;  11,  LACM  127268;  12,  MVZ  272),  P.  ditmarsi  (13,  TRV  2537; 
14,  UAZ  35511),  P.  douglassii  (15,  UMMZ  149120;  16,  UMMZ  138825;  17,  KU  13943;  18,  UMMZ  149119),  P.  mcallii  (19,  MVZ  1 11509; 
20,  MCZ  44822),  P.  modestiim  (21,  AMNH  74597),  P.  orbiculare  (22,  MCZ  11313;  23,  RRM  2379),  P.  platyrhinos  (24,  MVZ  64187;  25, 
RRM  2323),  P.  solare  (26,  KU  13941;  27,  AMNH  2579),  and  P.  taunts  (28,  UTA  17129). 


Schmidt  (1922)  noted  that  in  P.  c.  jainesi  and  nelsoni,  the 
naris  lies  just  below  the  canthus  rostralis,  possibly  due  to 
enlargement  of  the  narial  aperture.  However,  Reeve  (1952) 
described  the  naris  as  located  above  the  canthal  line  in  P.  c. 
schmidti  (including  nelsoni)  and  in  P.  cerroense,  on  the  can- 
thal line  in  P.  c.  blainvillii,  frontale,  and  jamesi,  and  on  or 
slightly  above  the  line  in  P.  c.  cownatum.  Cope  ( 1 900)  stated 
that  the  nares  lie  on  the  canthal  lines  in  P.  cerroense.  In  the 
other  sceloporine  genera,  the  nares  lie  slightly  within  the 
canthi,  but  in  the  crotaphytines  they  are  located  essentially 
on  the  canthi. 

The  external  nares  pierce  the  snout  laterally,  or  with  a slight 
dorsolateral  angle,  in  Phrynosoma  asio,  P.  coronatum,  P. 
douglassii,  and  P.  orbiculare.  The  nares  show  a pronounced 


dorsolateral  angle  of  entry  in  P.  ditmarsi.  The  nares  enter 
dorsally  in  P.  braconnieri,  P.  cornutum,  P.  mcallii,  P.  mo- 
destum,  P.  platyrhinos,  P.  solare,  and  P.  taurus.  The  external 
nares  open  more  or  less  dorsolaterally  in  the  other  scelopo- 
rines,  but  laterally  in  the  crotaphytine  genera. 

In  Phrynosoma,  the  location  and  angle  of  entry  of  the 
external  nares  are  not  totally  independent  characters.  Nares 
located  well  within  the  canthal  lines  are  dorsally  pierced, 
whereas  nares  situated  on  the  canthi,  or  nearly  so,  have  al- 
most lateral  to  distinctly  dorsolateral  entry.  Also,  location  of 
the  nares  may  be  developmentally  correlated  with  the  spatial 
arrangement  of  the  nasal,  prefrontal,  and  maxillary  elements. 
In  Phrynosoma  with  nares  situated  on  the  canthi  and  some- 
what distant  from  the  orbits,  the  nasals  and  maxillae  are  in 
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Figure  9.  Variation  in  the  width  of  the  double  row  of  ciliaries,  from  the  left  lower  eyelid  of  Phrynosoma  species.  The  species  are  A,  P.  asio 
(RRM  1756);  B,  P.  taunts  (UTA  1 1388);  C,  P.  braconnieri  (UTA  4222);  D,  P.  ditmarsi  (RRM,  no  number);  E,  P.  orbiculare  (RRM  2377);  F, 
P.  douglassii  (RRM  2306);  G,  P.  conmtum  (RRM  2094);  FI,  P.  coronatum  (RRM  2331);  I,  P.  mcallii  (RRM  2239);  J,  P.  solare  (RRM  2376); 
K,  P.  platyrhinos  (RRM  2129);  L,  P.  modestwn  (RRM  2290). 


contact.  The  posterior  displacement  (toward  the  orbits)  of 
the  nares  within  the  canthi,  however,  has  apparently  exca- 
vated the  nasal  bones,  resulting  in  the  loss  of  contact  between 
the  nasals  and  maxillae  (a  derived  character  state;  see  dis- 
cussion of  polarity  under  Maxilla).  In  other  sceloporines, 
including  the  sand  lizards,  the  two  elements  maintain  contact 
because  the  nares,  although  placed  slightly  within  the  canthi, 
are  relatively  distant  from  the  orbits. 

The  out-group  evidence  would  indicate  that  dorsolaterally 
pierced  nares  situated  slightly  within  the  canthi  represents 
the  ancestral  morphology,  but  this  combination  of  character 
states  is  not  clearly  seen  in  Phrynosoma.  The  morphology 
closest  to  it  is  nares  pierced  somewhat  dorsolaterally  and 
variably  located  on  or  near  the  canthi.  On  the  basis  of  the 
developmental  correlation  between  location  of  the  nares  and 
the  positional  relationship  between  the  nasals  and  maxillae, 
the  derived  morphology  is  probably  dorsally  pierced  nares 
located  well  within  the  canthi  and  somewhat  posteriorly  dis- 
placed. 

CILIARIES.  The  ciliaries  are  small,  rectangular  scales 
which  form  a double  row  along  the  margin  of  the  upper  and 
lower  eyelids.  In  Phrynosoma,  there  is  variation  in  the  width 
of  the  double  rows,  as  well  as  in  the  configuration  of  the  edge 
of  the  outer  row.  In  the  outer  row,  the  slightly  flattened  scales 


may  produce  a crenate,  weakly  crenate,  or  even  edge.  The 
even  edge  is  more  prevalent  than  the  crenate  border  within 
each  species  of  Phrynosoma.  Also,  the  configuration  of  the 
edge  may  change  from  an  even  border  centrally  to  weakly 
crenate  near  the  corners  of  the  eye  where  the  upper  and  lower 
eyelids  meet  (Fig.  9,  Table  5).  Phrynosoma  mcallii  and  P. 
platyrhinos  have  the  widest  ciliary  scale  rows,  whereas  P. 
asio,  P.  braconnieri,  and  P.  taunts  have  the  narrowest.  Species 
of  Phrynosoma  inhabiting  sandy  environments  tend  to  have 
wide  or  moderately  wide  ciliary  scale  rows.  This  also  holds 
true  for  the  sand-dwelling  sceloporine  genera  Callisaurus, 
Holbrookia,  Uma,  andX\\Q  agamid  Phrynocephalus.  The  wide 
ciliary  scales  may  offer  protection  for  the  eyes  in  such  en- 
vironments. 

In  Crotaphytus  and  Gambelia,  the  edge  configuration  of 
the  upper  row  of  ciliaries  is  flat  or  weakly  denticulate;  the 
lower  eyelid  has  a denticulate  border  of  cone-shaped  scales 
which  are  slightly  flattened  in  Gambelia.  Petrosauriis  has  a 
similar  morphology.  In  the  sand  lizards,  e.g.,  Callisaurus, 
Cophosaurus,  Holbrookia,  and  Uma,  the  upper  eyelid  has  a 
crenate  to  weakly  denticulate  edge;  on  the  lower  eyelid,  the 
outer  row  of  scales  produce  a denticulate  border,  and  they 
are  flattened  rather  than  cone-shaped.  In  Urosaurus,  a crenate 
border  is  seen,  but  the  scales  are  bead-like  rather  than  flat- 
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Table  5.  Variation  in  the  width  of  the  ciliary  scale  rows  from  the 
lower  eyelid  of  Phrynosoma.  The  ciliary  row  width  is  expressed  as  a 
percentage  of  the  horizontal  diameter  of  the  eye  opening.  Abbrevi- 
ations are  N (sample  size),  X (mean),  S.E.  (standard  error),  and  S.D. 
(standard  deviation). 


Species 

N 

X 

S.E. 

S.D. 

Range 

P.  asio 

21 

24.7 

0.58 

2.67 

20.0-30.9 

P.  braconnieri 

12 

25.9 

- 

- 

23.5-30.0 

P.  cornutum 

17 

36.1 

0.66 

2.75 

31.6-41.1 

P.  coronatum 

17 

40.2 

0.75 

3.13 

35.3-45.0 

P.  ditmarsi 

8 

31.2 

— 

— 

25.0-37.0 

P.  douglassii 

17 

43.7 

0.71 

2.94 

41.7-50.0 

P.  mcallii 

16 

46.6 

0.90 

3.63 

39.0-51.8 

P.  modestum 

20 

41.5 

0.78 

3.50 

35.5-47.6 

P.  orbiculare 

25 

36.5 

1.04 

5.21 

27.2-50.0 

P.  platyrhinos 

14 

46.2 

— 

— 

40.9-50.9 

P.  solare 

12 

30.3 

— 

— 

27.9-34.2 

P.  taurus 

8 

26.9 

— 

— 

22.9-29.2 

tened.  Among  the  sceloporines,  Uta  has  a ciliary  scale  mor- 
phology similar  to  that  of  Phrynosoma;  the  scales  in  the  outer 
row  are  slightly  flattened  and  form  a weakly  crenate  to  even 
edge. 

Owing  to  the  morphological  diversity  of  the  ciliaries  in 
other  sceloporine  genera,  out-group  comparisons  provide  lit- 
tle useful  information  on  the  directionality  of  character  states. 
However,  the  widened  double  row  of  scales  with  a denticulate 
border  (produced  by  the  outer  row  of  flattened  scales)  appears 
to  be  an  elaboration  of  the  widened  rows  bearing  a crenate 
border.  In  turn,  the  latter  morphology  seems  to  be  derived 
from  the  narrow  double  scale  row  with  an  even  edge.  The 
narrow,  even-edged  row  is  a relatively  simple  morphology 
and  may  represent  the  ancestral  condition  in  Phrynosoma. 

SUPRALABIALS.  There  is  interesting  variation  in  shape 
and  orientation  of  the  supralabial  scales.  The  infralabials  are 
less  differentiated  and  were  not  studied.  In  Phrynosoma  or- 
biculare.  the  supralabials  are  more  or  less  diagonally  oriented, 
slightly  flaring,  and  the  scale  row  produces  a scalloped  buccal 
margin  (character  SLAB).  The  surface  of  each  scale  may  be 
relatively  smooth,  or  have  one  or  two  lengthwise  keels  which 
are  weak  and  rounded.  The  supralabials  are  similar  in  P. 
douglassii,  but  the  diagonal  orientation  may  be  weak  or  ab- 
sent. The  surface  of  the  scales  may  be  smooth,  or  have  slight 
rugosities  or  weak  keels.  In  juveniles  of  both  species,  the 
keels  may  be  more  distinct,  and  the  buccal  margin  is  more 
strongly  scalloped. 

In  Phrynosoma  asio,  P.  braconnieri,  P.  ditmarsi,  and  P. 
taurus,  the  supralabials  have  a slight  diagonal  orientation  or 
none  at  all,  and  are  not  flared.  The  buccal  margin  of  the  scale 
row  is  weakly  scalloped  or  flat  in  P.  asio,  but  more  or  less 
scalloped  in  the  other  three  species.  The  scale  surface  may 
have  slight  rugosities  or  weak,  lengthwise,  double  keels.  In 
juveniles  of  the  four  species,  the  keels  are  more  distinct  and 
the  buccal  margin  more  strongly  scalloped  than  in  adults 
(except  juveniles  of  P.  asio  with  weakly  scalloped  margins). 


In  Phrynosoma  cornutum,  P.  coronatum,  P.  mcallii,  P. 
modestum,  P.  platyrhinos.  and  P.  solare,  the  supralabials 
have  little  or  no  diagonal  orientation.  The  buccal  margin  of 
the  scale  row  is  scalloped  anteriorly  to  dentate  posteriorly, 
or  dentate  throughout  (Fig.  10).  The  buccal  margin  is  more 
extensively  dentate  in  the  southern  races  of  P.  coronatum 
{coronatum  and  jamesi)  than  in  the  northern  blainvillii  and 
frontale  in  which  the  dentate  scales  tend  to  be  restricted 
posteriorly.  The  surface  of  the  scales  varies  from  smooth  to 
slightly  rugose;  the  rugosities  tend  to  converge  toward  the 
apex  of  the  dentate  scales.  Single  or  double  lengthwise  keels 
may  be  strong,  weak,  or  absent  on  the  supralabials  of  P. 
coronatum.  however,  the  keels  are  aeute  and  very  distinct  in 
juveniles.  The  apex  of  each  dentate  scale  may  bear  a spine 
in  juveniles  of  P.  mcallii. 

The  ancestral  condition  is  considered  to  be  supralabials 
with  a slight  diagonal  orientation  and  with  a weakly  scalloped 
to  nearly  flat  buecal  margin.  This  conclusion,  however,  is 
equivocal  since  only  the  sand  lizards  among  the  sceloporine 
out-groups  have  a similar  morphology  (Maddison  et  al.,  1 984). 
The  slightly  tilted  supralabials  of  some  Phrynosoma  is  rem- 
iniscent of  the  more  highly  specialized  supralabial  mor- 
phology characteristic  of  the  sand  lizard  genera.  No  other 
sceloporines  share  this  similarity.  Thus,  tilted  supralabials 
may  represent  another  synapomorphy  between  the  two  groups. 
In  the  sand  lizards,  the  oblique  supralabials  are  enlarged  and 
apparently  are  an  adaptation  for  efficient  “shimmy-burial.” 
In  Phrynosoma  this  function  appears,  on  the  basis  of  behav- 
ioral observations,  to  have  been  taken  over  by  the  chin- 
shields. 

POSTLABIALS.  The  postlabials  (character  PLAB)  are  en- 
larged scales  which  are  continuous  with  the  infralabials  pos- 
teriorly. Phrynosoma  orbiculare  and  P.  douglassii  have  about 
three  flattened,  triangular  postlabials  which  enlarge  poste- 
riorly in  the  series,  and  which  project  upward.  In  P.  coro- 
natum, there  is  a single  very  large,  flattened,  triangular  post- 
labial (=subrictal)  which  is  directed  horizontally.  In  P.  ditmarsi 
and  P.  taurus,  the  postlabials  are  slightly  enlarged,  convex, 
triangular  scales,  with  the  keeled  edge  of  the  row  directed 
nearly  horizontally.  Phrynosoma  asio  has  a similar  mor- 
phology, but  the  scales  are  less  enlarged,  or  subequal  to  the 
infralabials.  In  P.  braconnieri,  the  scales  are  larger  than  in 
P.  ditmarsi  and  P.  taurus,  more  flattened  than  convex,  and 
less  pointed.  In  P.  cornutum,  P.  modestum.  and  P.  solare, 
the  postlabials  are  slightly  enlarged,  or  subequal,  compared 
with  the  infralabials,  and  are  convex,  triangular,  usually  pro- 
jecting slightly  upward.  In  P.  mcallii  and  P.  platyrhinos,  the 
postlabials  are  not  differentiated  from  the  infralabials,  or  may 
be  reduced  in  size. 

In  other  sceloporines  (except  the  sand  lizards)  and  the 
crotaphytines,  the  postlabials  are  similar  to  the  infralabials, 
or  become  reduced  in  size.  In  the  sand  lizard  genera,  the 
postlabials  are  more  or  less  enlarged,  but  in  shape  are  unlike 
the  seales  of  Phrynosoma.  Enlarged  postlabials  are  probably 
plesiomorphic  in  Phrynosoma.  This  eonelusion,  however,  is 
equivocal  since  only  the  sand  lizards  among  the  sceloporine 
out-groups  have  a similar  postlabial  morphology. 

POSTRICTAL.  The  most  posterior  scale  in  the  postlabial 
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Figure  10.  Variation  among  the  species  of  Phrynosoma  in  the  supralabial  scale  row  morphology  (left  lateral  aspect).  The  species  are  A,  P. 
asio  (RRM  1754);  B,  P.  taiirus  (UTA  9092);  C,  P.  braconnieri  (UTA  4222);  D,  P.  ditmarsi  (RRM  2403);  E,  P.  orbiculare  (RRM  2377);  F,  P. 
douglassii  (RRM  2310);  G,  P.  cormttum  (RRM  2094);  H,  P.  mcallii  (RRM  2239);  I,  P.  solare  (RRM  2406);  J,  P.  coronatiim  (RRM  2331); 
K,  P.  platyrhinos  (RRM  2407);  L,  P.  modestum  (RRM  2082). 


series  is  morphologically  distinguishable  from  the  anterior 
scales  in  some  species.  This  scale  is  called  the  postrictal,  and 
its  presence  near  the  anteroventral  border  of  the  tympanum 
has  been  noted  in  several  species,  e.g.,  P.  coronatiim,  P.  doug- 
lassii, and  P.  orbiculare  (Smith,  1946;  Reeve,  1952).  In  these 
species,  the  postrictal  may  vary  in  size,  but  is  usually  large 
and  cone-shaped.  On  the  basis  of  location  and  shape,  I have 
also  identified  a small  postrictal  in  P.  solare,  P.  asio,  and  P. 
ditmarsi.  The  scale  is  weakly  keeled  in  P.  solare.  but  in  the 
latter  two  species,  it  has  strong,  multiple  keels.  The  postrictal 
is  apparently  absent  in  the  remaining  species  of  Phrynosoma. 
as  well  as  in  the  sceloporine  out-groups. 

CHINSHIELDS.  In  Phrynosoma,  the  chinshields  (char- 
acter CHIN)  are  enlarged,  triangular  scales  extending  pos- 
teriorly from  the  mental  as  a paired  series  (Fig.  11).  In  P. 
cornutum,  P.  coronatum,  P.  mcallii,  and  P.  solare  the  chin- 
shields are  greatly  enlarged,  forming  a strongly  peaked  or 
dentate  series.  In  P.  modestum  and  P.  platyrhinos,  the  chin- 


shields are  somewhat  shorter  and  blunter.  In  these  six  species, 
the  scales  tend  to  project  laterally  or  slightly  ventrolaterally. 
In  P.  orbiculare  and  P.  douglassii.  the  scales  are  much  small- 
er, slightly  flattened,  and  produce  a less  strongly  peaked  edge. 
The  chinshields  tend  to  project  laterally,  or  slightly  upward. 
In  Phrynosoma  asio.  P.  braconnieri.  and  P.  taurus,  the  chin- 
shields are  convex  and  scarcely  project;  instead,  the  keeled 
edge  of  the  scale  row  produces  a nearly  even  margin.  In  P. 
ditmarsi.  the  last  two  or  three  chinshields  are  peaked  and 
project  ventrally  or  nearly  so.  However,  the  morphology  of 
the  more  anterior  chinshields  closely  resembles  that  of  P. 
asio.  P.  braconnieri,  and  P.  taurus. 

Other  sceloporines  have  a short  series  of  chinshields  that 
are  subquadrate  or  rounded,  not  triangular  as  in  Phrynosoma, 
and  which  diminish  in  size  posteriorly;  in  Phrynosoma  they 
enlarge.  I am  not  certain  that  the  chinshields  of  Phrynosoma 
are  homologous  to  those  of  other  sceloporines.  In  horned 
lizards  the  chinshields  are  located  along  the  margin  of  the 
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Figure  11.  Ventral  aspect  of  the  left  row  of  chinshields  in  Phrynosoma.  The  species  are  A,  P.  asio  (RRM  1754);  B,  P.  braconnieri  (UTA 
4222);  C,  P.  tawus  (UTA  9092);  D,  P.  ditmarsi  (RRM  2403);  E,  P.  orbiculare  (RRM  2377);  F,  P.  douglassll  (RRM  2265);  G,  P.  cornutum 
(RRM  2094);  H,  P.  coronatum  (RRM  2178);  I,  P.  mcallii  (RRM  2236);  J,  P.  solare  (RRM  2336);  K,  P.  platyrhinos  (RRM  2039);  L,  P. 
modestum  (RRM  2082). 


lower  jaws,  but  in  other  sceloporines  they  are  more  medially 
located.  The  chinshields  of  Phrynosoma  may  have  been  de- 
rived from  a more  lateral  series  of  sublabials.  In  some  Phry- 
nosoma the  chinshields  contact  the  infralabials;  the  inter- 
vening sublabials  have  been  eliminated.  In  the  sand  lizard 
group,  there  is  a series  of  sublabials  which  tend  to  enlarge 
posteriorly,  and  which  may  correspond  to  the  chinshields  of 
Phrynosoma. 

GULARS.  In  some  species  of  Phrynosoma,  one  or  more 
longitudinal  series  of  enlarged  gulars  is  present  on  either  side 
of  the  throat.  In  P.  doiiglassii,  P.  modestum,  and  P.  orbiculare, 
the  longitudinal  rows  of  enlarged  scales  are  absent,  the  gulars 
being  equal  or  subequal  in  size.  In  P.  braconnieri,  P.  ditmarsi, 
and  P.  taurus  a single,  short  row  of  slightly  enlarged  gulars 


is  present  on  either  side  of  the  throat,  but  the  enlarged  scales 
are  usually  absent  in  P.  braconnieri.  A more  extensive,  single 
row  of  enlarged  gulars  is  seen  in  P.  cornutum,  P.  mcallii,  P. 
platyrhinos  (may  be  absent  or  present),  and  P.  solare.  In  some 
P.  solare  there  is  a second,  more  medial  longitudinal  series 
of  slightly  enlarged  scales.  In  Phrynosoma  asio  and  P.  cor- 
onatum. there  are  three  to  hve  longitudinal  rows  of  enlarged 
gulars.  The  enlarged  gulars  project  (character  ENGP)  verti- 
cally, or  nearly  so,  in  P.  asio,  P.  braconnieri  (when  present), 
P.  ditmarsi,  and  P.  taurus.  In  the  remaining  species  with 
enlarged  gulars,  the  scales  lie  flat  against  the  throat.  Other 
sceloporines  and  the  crotaphytines  lack  rows  of  enlarged  gu- 
lars, except  those  differentiated  as  sublabials,  postmentals, 
and  chinshields. 
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The  gular  scales  are  keeled  (character  KEGU)  in  Phryno- 
soma  asio,  P.  braconnieri,  P.  ditmarsi,  and  P.  taurus.  The 
gular  scales  are  not  keeled  in  the  remaining  species.  Cope 
( 1 900)  and  Reeve  ( 1 952)  described  the  gulars  in  P.  boucardii 
(=P.  orbiculare  boucardii)  as  being  feebly  keeled.  The  scales 
have  a slight  convex  surface,  but  in  my  opinion,  they  are  not 
keeled.  The  ancestral  character  state  is  judged  to  be  smooth 
gulars  on  the  basis  of  comparisons  with  the  other  sceloporines 
and  the  crotaphytines. 

VENTRALS.  The  ventral  scales  are  smooth  (character 
YENS)  in  Phrynosoma  coronatum,  P.  douglassii,  P.  mcallii, 
P.  modestum,  P.  orbiculare.  P.  platyrhinos,  and  P.  solare. 
The  ventrals  are  weakly  keeled  in  P.  cormitum,  the  keels 
being  broad  and  obtuse.  In  Phrynosoma  asio.  P.  braconnieri, 
P.  ditmarsi,  and  P.  taurus,  the  ventrals  are  sharply  carinate. 
Several  authors  (Gentry,  1885;  Smith,  1946;  Reeve,  1952) 
erroneously  described  the  ventrals  of  P.  solare  as  being  keeled. 
Cope  (1900)  and  Van  Denburgh  (1922)  noted  correctly  that 
the  abdominal  scales  are  smooth,  with  keeled  scales  being 
restricted  to  the  extreme  anterior  chest  area.  Smith  (1946) 
also  stated  that  the  ventrals  are  feebly  keeled  in  P.  mcallii, 
but  other  authors  have  correctly  noted  that  the  ventrals  are 
smooth.  The  ancestral  character  state  is  smooth  ventrals  on 
the  basis  of  out-group  comparisons. 

In  Phrynosoma  asio,  P.  braconnieri,  P.  ditmarsi,  and  P. 
taurus,  the  ventral  scales  are  mucronate  (character  MVEN). 
The  mucrone  is  small,  originating  at  the  end  of  the  keel,  and 
projecting  posteriorly  and  slightly  upward.  The  ventrals  are 
non-mucronate  in  the  remaining  species,  including  P.  cor- 
nutum  which  has  feebly  keeled  ventrals.  Non-mucronate 
ventrals  are  considered  to  be  the  ancestral  condition  based 
on  comparisons  with  the  out-groups. 

LATERAL  ABDOMINAL  FRINGE  ROWS.  The  pres- 
ence of  abdominal  fringe  scales  is  unique  to  Phrynosoma. 
An  upper  row  of  fringe  scales  (character  UFRO)  is  present 
in  all  species  of  Phrynosoma,  except  P.  modestum.  A com- 
plete lower  row  of  abdominal  fringe  scales  (character  LFRO) 
is  present  in  P.  asio,  P.  cormitum,  and  P.  coronatum.  A less 
extensive  lower  row  of  slightly  enlarged  fringe  scales  is  pres- 
ent in  P.  mcallii.  The  remaining  species  lack  a lower  row  of 
fringe  scales.  Gentry  (1885)  incorrectly  described  P.  mcallii 
as  altogether  lacking  abdominal  fringe  scales,  and  P.  solare 
as  having  two  rows.  Cope  (1900),  Van  Denburgh  (1922),  and 
Reeve  (1952)  also  described  P.  solare  as  having  two  rows, 
but  Smith  (1946)  stated  that  it  had  one.  I have  noted  that  in 
some  specimens,  some  of  the  extreme  lateral  belly  scales  are 
enlarged,  but  these  do  not  form  a regular  series.  I conclude 
that  P.  solare  lacks  a second,  lower  row  of  fringe  scales. 

The  single  lateral  fringe  row  which  some  homed  lizard 
species  have  is  clearly  identihed  as  the  upper  row  because  it 
is  bordered  by  dorsals  above  and  lateral  granular  scales  be- 
low, and  it  is  positioned  along  the  distal  ends  of  the  abdom- 
inal ribs.  The  lower  row  is  situated  below  the  rib  line  and  is 
bordered  superiorly  by  granular  scales  and  inferiorly  by  im- 
bricate ventrals. 

The  absence  of  the  upper  fringe  row  would  have  to  be 
judged  the  ancestral  character  state  based  on  out-group  com- 
parisons. However,  the  cladistic  results  suggest  that  its  ab- 


sence in  P.  modestum  is  an  autapomorphic  loss  (see  Evo- 
lutionary Patterns  of  Characters).  Absence  of  the  lower  fringe 
row  is  judged  plesiomorphic  by  the  out-group  rule. 

TYMPANUM.  The  tympanum  (character  TYMP)  is  ex- 
posed in  all  species  of  Phrynosoma  except  P.  mcallii  in  which 
it  is  concealed  by  a scaly  integument,  and  in  P.  modestum 
and  P.  platyrhinos  in  which  it  may  be  completely  hidden, 
partly  exposed,  or  completely  exposed.  Smith  ( 1 946)  did  not 
note  the  variation  of  this  character  in  P.  modestum.  The 
exposed  tympanum  is  the  ancestral  character  state  on  the 
basis  of  out-group  comparisons. 

DORSALS.  The  dorsal  scales  of  Phrynosoma  are  heter- 
ogeneous, being  composed  of  enlarged,  carinate,  spinose 
scales,  interspersed  among  smaller  scales  that  do  not  form 
regular  transverse  rows.  The  smaller  scales  may  be  smooth 
or  carinate,  rounded  or  inegular  in  shape,  with  some  vari- 
ation in  size  on  any  individual  horned  lizard.  The  smaller 
dorsals  are  of  little  systematic  importance,  at  least  at  the 
gross  morphological  level. 

The  enlarged  dorsals  (character  DORS),  however,  are  var- 
iously modified  among  the  species  of  Phrynosoma.  In  P. 
cornutum,  P.  coronatum.  P.  douglassii,  and  P.  orbiculare,  the 
largest  dorsals  are  slightly  flattened,  conical  scales  which  ta- 
per to  a spine.  There  are  three  keels,  a prominent  median 
dorsal  (anterior)  keel,  and  two  lateral  ones,  except  in  P.  cor- 
nutum. which  has  a fourth  keel  on  the  posterior  surface  of 
the  base  of  the  scale.  The  spinose  scales  are  slightly  smaller 
in  P.  orbiculare  and  P.  douglassii  than  in  the  other  two  species. 
These  four  species  have  slightly  smaller,  conical  spines  lo- 
cated dorsolaterally.  In  Phrynosoma  solare,  the  largest  scales 
in  the  middorsal  area  are  somewhat  depressed  and  rounded, 
with  two  short  lateral  keels  that  meet  the  median  keel  at 
nearly  right  angles  near  the  posterior  margin;  a spine  arises 
more  or  less  abruptly  from  the  median  keel.  There  is  little 
or  no  free  edge  to  the  scales.  Dorsolaterally,  the  enlarged 
scales  become  more  conical  and  tapering,  as  in  the  preceding 
species.  In  P.  modestum  and  P.  platyrhinos,  the  enlarged 
dorsals  are  rounded  to  slightly  widened,  flat,  with  a free  pos- 
terior edge  and  median  keel  (the  keel  is  absent  in  some  P. 
platyrhinos).  The  scales  are  mucronate  in  P.  platyrhinos,  but 
in  P.  modestum.  they  taper  without  a distinct  spine.  In  P. 
mcallii,  dorsals  of  large  and  intermediate  size  are  distinctly 
widened  with  two  lateral  keels  and  with  or  without  a median 
keel.  A free  posterior  edge  is  more  or  less  developed  by  the 
lateral  keels  in  the  largest  scales.  The  scales  may  or  may  not 
terminate  abruptly  in  a spine.  In  Phrynosoma  asio,  the  largest 
scales  in  the  middorsal  region  are  rounded,  strongly  de- 
pressed, with  a median  keel  and  two  short  lateral  keels  near 
the  posterior  margin.  There  is  no  free  edge,  and  the  scales 
may  or  may  not  be  mucronate.  The  enlarged  scales  form  a 
paravertebral  series,  becoming  more  elevated  and  conical 
near  the  rump  and  on  the  tail.  In  some  specimens  of  P.  asio. 
moderately  elevated  scales  are  found  middorsally  on  the  body 
as  well.  In  the  dorsolateral  areas,  there  are  enlarged,  conical 
scales  which  taper  to  a spine;  the  scales  are  strongly  erect 
and  bear  multiple  keels.  In  P.  braconnieri,  P.  ditmarsi,  and 
P.  taurus.  the  largest  scales  in  the  middorsal  region  are  round- 
ed, with  a straight  or  slightly  rounded  posterior  margin.  There 
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is  a median  keel  and  two  short  lateral  keels  which  produce 
little  or  no  free  edge.  The  scales  are  depressed  and  terminate 
more  or  less  abruptly  in  a spine,  though  slightly  more  tapering 
in  P.  ditmarsi  and  some  samples  of  P.  braconnieri.  In  all 
three  species,  the  rump  and  dorsolateral  areas  have  similar, 
but  somewhat  more  conical  scales. 

In  Phrynosoina  braconnieri  and  P.  taiirus,  the  dorsal  area 
of  the  neck  has  two  paravertebral  rows  of  enlarged,  keeled, 
juxtaposed  scales  (character  NUCH).  In  each  row  there  are 
three  to  four,  seldom  two  or  five,  scales.  Phrynosoma  dong- 
lassii  and  P.  orbicidare  also  have  a paravertebral  series  of 
enlarged  scales,  but  the  scales  are  separated  from  each  other 
and  differ  in  shape,  being  more  spinose. 

The  enlarged,  depressed,  carinate  dorsals  (in  the  middorsal 
area)  of  Phrynosoma  asio  may  represent  the  ancestral  con- 
dition in  Phrynosoma,  and  subsequent  adaptive  modification 
for  a defensive  function  would  logically  have  involved  pro- 
gressive stages  of  elevation  and  elongation  into  tapered,  spi- 
nose scales. 

PHYLOGENETIC  ANALYSIS 

The  monophyly  of  Phrynosoma  is  supported  by  the  following 
diagnostic  characteristics:  1 ) horns  on  the  parietal,  squa- 
mosal, and  other  cranial  elements  (reduced  in  some  species); 
2)  posteriorly  directed  prefrontal  process  present;  3)  ante- 
riorly directed  frontal  process  present;  4)  temporal  process 
of  the  jugal  is  expanded;  5)  the  retroarticular  process  is  more 
or  less  vertically  flattened  (nearly  absent  in  some  species);  6) 
caudal  vertebrae  lack  autotomic  septa;  7)  phalangeal  formula 
for  digits  4 and  5 of  manus  is  2:3:4:4:2,  and  for  digit  5 of 
pes  is  2;3:4:5;3;  8)  head  scales  generally  small,  not  differ- 
entiated into  enlarged  series;  9)  several  subocular  scales,  small 
and  subequal  in  size;  10)  length  and  overlap  of  superciliary 
scales  reduced;  1 1 ) one  or  two  rows  of  enlarged,  lateral  ab- 
dominal fringe  scales  (absent  in  one  species);  1 2)  dorsal  scales 
on  body  and  tail  not  arranged  as  distinct,  transverse  rows; 
and  13)  dorsal  scales  heterogeneous,  with  enlarged,  spinose 
scales  interspersed  with  smaller  scales  (Etheridge  and  de 
Queiroz,  in  press;  Etheridge,  1964;  Presch,  1969).  All  of  these 
characteristics  are  believed  to  be  autapomorphies  for  the 
genus  Phrynosoma. 

CHARACTERS 

A total  of  36  characters  was  used  in  the  phylogenetic  analysis. 
The  discrimination  between  derived  and  ancestral  character 
states  was  accomplished  primarily  by  the  “out-group”  meth- 
od (Watrous  and  Wheeler,  1981;  Maddison  et  al.,  1984). 
Phrynosoma  is  a member  of  the  sceloporines  and  is  the  sister 
group  of  the  sand  lizard  assemblage  (Presch,  1969;  Arnold, 
1984).  The  first  out-group  is  therefore  comprised  of  the  sand 
lizards  (Ca/lisaurns,  Cophosaurus,  Holbrookia,  and  Uma). 
The  remaining  genera  of  sceloporines  represent  two  informal 
groups,  the  Uta-Urosanrus-Sator-Sceloporus  line,  and  Pet- 
rosaurits.  A fourth  out-group  consists  of  the  crotaphytines 
(Crotaphytus  and  Gambelia)  which  was  chosen  because  of 
their  apparent  relationship  with  the  seeloporines  by  way  of 
Petrosaurus.  The  crotaphytines  and  Petrosaurus  are  similar 


in  ciliary  scale  morphology  (see  External  Morphology).  Eth- 
eridge (1964)  noted  that  the  morphology  of  the  interclavicle 
and  sternal  fontanelle  of  Petrosaurus  is  reminiscent  of  that 
seen  in  Crotaphytus.  Etheridge  also  noted  that  Crotaphytus 
is  similar  to  all  sceloporines  in  having  an  unfused  Meckel’s 
groove  and  caudal  vertebrae  with  a single  transverse  process 
anterior  to  the  fracture  plane.  However,  these  similarities 
noted  by  Etheridge  may  be  symplesiomorphies,  or  of  ques- 
tionable validity.  Etheridge  and  de  Queiroz  (in  press)  con- 
sider the  absence  of  an  enlarged,  middorsal  scale  row  to  be 
one  derived  character  state  shared  by  the  crotaphytines  and 
sceloporines.  See  Materials  and  Methods  section  for  the  list 
of  out-group  taxa.  Character  states  observed  to  be  prevalent 
in  the  external  taxa  were  considered  plesiomorphous.  Char- 
acters unique  to  Phrynosoma  posed  some  difficulty.  Esta- 
brook  ( 1 977)  argued  that  a character  state  widely  distributed 
within  a taxon  is  probably  primitive.  Thus  a character  state 
widespread  within  Phrynosoma  was  probably  present  in  the 
common  ancestor  of  the  group  prior  to  its  radiation.  Wiley 
(1981),  however,  argued  that  in  cases  where  the  apomorphic 
state  arises  early  in  the  evolution  of  a group,  it  will  be  ob- 
served in  the  majority  of  the  taxa  comprising  the  group. 
Application  of  the  criterion  would  then  lead  to  erroneous 
conclusions  regarding  character  evolution.  In  cases  for  which 
the  out-group  evidence  was  absent  or  ambiguous,  I avoided 
polarity  assignments  and  the  characters  were  entered  “unor- 
dered” into  the  analysis  (see  below).  Other  criteria,  however, 
such  as  fossil  evidence  could  not  be  used  due  to  the  paucity 
of  information. 

Characters  were  selected  on  the  basis  of  their  information 
content  for  phylogenetic  study.  Conservative  characters  with 
differences  among  the  species  were  chosen  over  those  with 
high  variability  within  species.  Some  variable  characters  were 
used  wherein  discontinuities  in  the  variation  across  taxa  per- 
mitted non-arbitrary  delimitation  of  character  states.  Some 
of  the  characters  used  are  multistate,  with  discrete  values 
assigned.  Ancestral  character  states  were  encoded  as  0,  while 
derived  character  states  were  assigned  a value  of  1 or  greater. 
For  qualitative  multistate  characters,  it  was  unnecessary  to 
determine  the  transformation  sequence  in  all  cases  since  the 
computer  program  used  in  this  analysis  (see  Data  Set  Anal- 
ysis) has  the  ability  to  treat  unordered  as  well  as  ordered 
characters.  Unordered  characters  were  encoded  as  described 
above.  Autapomorphic  characters,  though  tabulated,  were 
not  used  in  the  cladistic  analysis,  but  were  employed  in  the 
computation  of  patristic  distances.  The  36  characters  with 
their  defined  states  and  numerical  equivalents  (in  parenthe- 
ses) are  listed  alphabetically  below. 

1.  ANGU  The  angular  bone  is  present  (0),  variably  present 

or  absent  (1),  or  completely  absent  (2). 

2.  CAUD  The  number  of  caudal  vertebrae  is  16  to  24  (0), 

about  14  (1),  or  from  9 to  12  (2). 

3.  CHIN  Chinshields  are  not  peaked,  row  margin  even 

or  nearly  so  (0),  row  margin  even,  but  peaked 
posteriorly  (1),  row  margin  weakly  peaked  (2), 
chinshields  obtuse,  with  moderately  peaked 
margin  (3),  or  row  margin  strongly  peaked  (4). 
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4.  DENS  The  dentary  surface  is  smooth  and  rounded  (0), 

or  angular  with  protuberances  or  horns  (1). 

5.  DORS  Enlarged  dorsals  (in  median  area)  are  depressed, 

carinate,  without  a free  posterior  edge  (0),  flat, 
more  or  less  carinate,  with  a free  edge  (1),  or 
tapered,  spinose  scales  (2). 

6.  ECTO  The  ectopterygoid  is  not  expanded  (0),  or  more 

or  less  expanded  (1). 

7.  ENAR  The  external  naris  enters  nearly  laterally  or 

somewhat  dorsolaterally  (0),  strongly  dorsolat- 
erally  (1),  or  dorsally  (2).  Entered  as  an  unor- 
dered character  in  the  cladistic  analysis. 

8.  ENGP  Enlarged  gular  scales  are  absent  (0),  or  present 

and  project  horizontally  (1),  or  vertically  (2). 

9.  ICMP  The  interclavicle  median  process,  when  present, 

is  more  or  less  slender  (0),  or  wide  and  spade- 
like ( 1 ).  An  autapomorphic  character,  used  only 
in  the  computation  of  the  distance  tree. 

10.  JUSA  The  posterior  border  of  the  jugal  has  no  dis- 

cernible orientation  (0),  or  the  border  slopes 
posteriorly  (1),  slopes  anteriorly  (2),  or  the  pos- 
terior border  is  flat  (3).  Entered  as  an  unordered 
character  in  the  cladistic  analysis. 

1 1.  JUSH  The  jugal  is  not  expanded  posteriorly  (0),  or  it 

is  expanded  ( 1 ). 

12.  JUSU  The  jugal  surface  is  smooth  (0),  rugose  (1),  with 

tuberosities  (2),  or  with  processes  (3). 

13.  KEGU  Gular  scales  are  smooth  (0),  or  keeled  (1). 

14.  LFRO  The  lower  row  of  abdominal  fringe  scales  is  ab- 

sent (0),  short  (1),  or  extensive  (2). 

1 5.  MAND  The  mandible  is  not  expanded  vertically  (0),  or 

is  greatly  expanded  (1).  An  autapomorphic 
character,  used  only  in  the  computation  of  the 
distance  tree. 

16.  MVEN  Ventral  scales  are  non-mucronate  (0),  or  mu- 

cronate  ( 1 ). 

17.  NAMX  The  nasal  process  of  the  maxilla  reaches  the 

nasal  bone  (0),  or  the  two  elements  are  separated 
by  the  prefrontal  ( 1 ). 

18.  NUCH  Paravertebral  rows  of  enlarged,  juxtaposed  nu- 

chal scales  are  absent  (0),  or  present  (1). 

19.  PANO  A deep  notch  at  the  posterior  margin  of  the 

parietal  is  absent  (0),  or  present  (1).  An  aut- 
apomorphic character,  used  only  in  the  com- 
putation of  the  distance  tree. 

20.  PARS  An  enlarged,  projecting  scale  at  the  base  of  the 

parietal  horn  is  absent  (0),  present  ( 1 ),  or  second 
parietal  horn  is  present  (2). 

21.  PLAB  The  postlabials  are  slightly  enlarged,  convex, 

more  or  less  peaked  (0),  not  enlarged,  subequal 
to  or  smaller  than  infralabials  (1),  triangular 
scales  enlarging  posteriorly  (2),  or  one  greatly 
enlarged,  triangular  scale  (3).  Entered  as  an 
unordered  character  in  the  cladistic  analysis. 

22.  PMAX  The  angle  of  ascent  of  the  premaxilla  from  its 

base  to  the  point  of  suture  with  the  nasals  is 
gradual  (54.5-65.6°)  (0),  or  steep  (70.6-73.7°) 
(1). 


23.  PNAR 

24.  POST 

25.  RLIP 

26.  RSFA 

27.  SBAR 

28.  SLAB 

29.  SPLN 

30.  SPOP 

31.  SQSH 

32.  SUFO 

33.  SURA 

34.  TYMP 

35.  UFRO 

36.  YENS 


The  external  naris  is  situated  on  the  canthal  line 
(0),  variable  in  relation  to  the  canthal  line  (1), 
or  well  above  the  canthal  line  (2).  Entered  as  an 
unordered  character  in  the  cladistic  analysis. 
The  postorbital  is  nearly  vertical,  with  slight 
outward  curvature  (0),  or  slanted,  with  strong 
outward  curvature  ( 1 ). 

A rostral  lip  is  absent  (0),  or  present  (1). 

The  rostrofrontal  angle  is  obtuse,  with  a gradual 
slope  (0),  or  more  or  less  acute,  with  an  abrupt 
slope  (1). 

The  supraorbital  bar  is  incomplete  (0),  nearly 
complete  (1),  or  complete  (2). 

The  supralabial  margin  is  more  or  less  scalloped 
(0),  or  partly  or  entirely  dentate  (1). 

The  splenial  bone  is  present  (0),  or  absent  (1). 
An  autapomorphic  character,  used  only  in  the 
computation  of  the  distance  tree. 

Contact  between  the  supraoccipital  and  the  pa- 
rietal is  tripartite  (0),  or  complete  (1).  An  aut- 
apomorphic character,  used  only  in  the  com- 
putation of  the  distance  tree. 

The  squamosal  forms  a more  or  less  rounded 
arch  (0),  or  is  elongate  (1).  An  autapomorphic 
character,  used  only  in  the  computation  of  the 
distance  tree. 

The  supratemporal  fossa  is  present  throughout 
ontogeny  (0),  or  becomes  occluded  late  in  post- 
embryonic  ontogeny  (1).  An  autapomorphic 
character,  used  only  in  the  computation  of  the 
distance  tree. 

The  surangular  surface  is  smooth  and  convexly 
rounded  (0),  has  laterally  directed  horns  ( 1 ),  is 
expanded  with  an  angular  edge  (2),  or  has  ven- 
trally  directed  horns  (3). 

Tympanum  is  exposed  (0),  variably  exposed  or 
concealed  (1),  or  completely  concealed  (2). 

The  upper  row  of  abdominal  fringe  scales  is 
absent  (0),  or  present  (1).  An  autapomorphic 
character,  used  only  in  the  computation  of  the 
distance  tree. 

Ventral  scales  are  smooth  (0),  weakly  keeled  ( 1 ), 
or  strongly  keeled  (2). 


The  distribution  of  character  states  among  the  species  of 
Phrynosoma  is  presented  in  Table  6.  The  table  contains  the 
original  data  set  before  recoding  was  performed  (see  below) 
to  eliminate  homoplasy  in  some  characters. 


DATA  SET  ANALYSIS 

The  computer  program  used  to  analyze  the  Phrynosoma  data 
set  is  Phylogenetic  Analysis  Using  Parsimony  (PAUP,  Ver- 
sion 2.4)  written  by  Swofford  (1985).  Information  concerning 
the  algorithms  used  in  PAUP,  including  search  strategies  and 
character-state  optimization  methods  may  be  obtained  di- 
rectly from  Swoflbrd  and  from  the  user’s  manual  written  by 
him.  A brief  and  cursory  explanation  of  some  of  PAUP’s 
features  follows. 
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Table  6.  Distribution  of  character  states  for  36  characters  among  the  12  species  of  Phrynosoma  and  one  hypothetical  ancestor. 
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Figure  12.  Three  alternative  branching  arrangements  for  the  pos- 

sible  relationships  among  Phrynosoma  mcallii  (MC),  P.  modestnm 

avNa 

o 

O 

fN 

o 

o 

(N 

(N 

o 

r-j 

rsi 

(N 

(MO),  P.  platyrhinos  (PL),  and  P.  solare  (SO).  Branching  arrange- 

oxaa 

o 

o 

. 

, 

ment  number  1 is  considered  the  most  probable.  See  text  for  further 

discussion. 

saoa 

o 

o 

o 

o 

(N 

- 

- 

(N 

- 

o 

0 

SNaa 

o 

o 

o 

- 

o 

o 

o 

- 

- 

o 

- 

- 

0 

Computer  programs  using  parsimony  as  an  optimality  cri- 

NIH3 

o 

o 

o 

- 

ri 

0 

terion  must  seek  a compromise  between  efficiency  (speed  and 

use  of  computer  resources)  and  effectiveness  (ability  to  op- 

aav3 

o 

o 

O 

o 

~ 

o 

O 

O 

o 

O 

o 

timize  parsimony).  Graham  and  Foulds  (1982)  argue  that  an 

aoNv 

o 

o 

o 

o 

o 

o 

o 

r-1 

- 

o 

O 

o 

0 

efficient,  exact  solution  is  very  unlikely  and  that  a more 

promising  approach  is  to  develop  heuristic  techniques  (those 

g 

K 

S; 

8 

which  do  not  guarantee  parsimony  but  which  are  reasonably 

s: 

s 

2 

Co 

CO 

5 

efficient).  Nonetheless,  PAUP  includes  two  exact  algorithms: 

o 

c/5 

o 

s 

s: 

p 

5 

"a 

1 

o 

.c 

2! 

an  exhaustive  search  for  all  possible  trees,  and  an  improved 

(J 

c 

o 

-§ 

s 

o 

"S. 

d 

05 

Q 

branch-and-bound  procedure  (Hendy  and  Penny,  1982). 

< 

tA, 

0^ 

a: 

la: 

0, 

a; 

a. 

a; 

a; 

These  exact  algorithms  are  applicable  to  relatively  small  data 

22  Contributions  in  Science,  Number  390 


Montanucci:  Morphology  of  Phrynosoma 


modestum 
platyrhinos 
mcallii 
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cornutum 

coronatum 

orbiculare 
douglassi  i 

asio 

ditmarsi 

taurus 

•braconnieri 

Figure  13.  A computer-generated  cladogram  depicting  the  relationships  of  12  species  of  Phrynosoma.  See  Tables  6,  7,  and  text  for  list  of 
characters  and  further  discussion. 


sets,  usually  12  or  fewer  taxa.  For  larger  data  sets,  PAUP 
offers  a wide  array  of  options  for  obtaining  a heuristic  so- 
lution. Some  parsimony  methods  impose  restrictions  on  how 
character  state  changes  may  occur,  such  as  a single  origination 
of  a character  state,  or  prohibiting  reversals.  PAUP  employs 
an  unrestricted,  maximum  parsimony  procedure.  Further- 


more, the  program  has  the  ability  to  treat  unordered  as  well 
as  ordered  characters,  but  with  the  limitation  that  character 
states  are  assigned  discrete  values.  Unordered  multistate 
characters  are  those  for  which  the  transformation  sequence 
or  relationships  of  the  states  are  unknown  prior  to  analysis. 
Finally,  PAUP  has  the  ability  to  handle  missing  data,  and 
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Table  7.  List  of  synapomorphies  for  the  cladogram  of  Phrynosoma 
(Fig.  13). 

Node  A 

ENGP:  Enlarged  gulars  project  vertically. 

KEGU;  Gulars  acutely  keeled. 

MVEN:  Ventrals  mucronate. 

SURA:  Surangular  expanded  with  an  angular  edge  (except  in 

P.  ditmarsi). 

YENS:  Ventrals  acutely  keeled. 

Node  B 

CAUD:  Caudal  vertebrae  reduced  in  number  (about  14). 

ENAR:  External  nares  enter  strongly  dorsolaterally. 

Node  C 

CAUD:  Caudal  vertebrae  further  reduced  (about  9-12). 

CODS:  Coronoid  overlaps  dentary  and  surangular  slightly  (also 

at  Node  H). 

ENAR:  External  nares  enter  dorsally  (also  at  Node  G). 

JUSA:  Jugal  with  Hat,  vertical  posterior  border. 

JUSH:  Jugal  expanded  posteriorly  (also  at  Node  D). 

JUSU:  Jugal  surface  rugose. 

NAMX:  Nasals  and  maxillae  not  in  contact  (also  at  Node  G). 

NUCH:  Paravertebral  rows  of  enlarged,  juxtaposed  nuchal 

scales. 

PNAR:  External  nares  situated  well  above  canthal  lines  (also 

at  Node  G). 

Node  D 

CHIN:  Chinshields  small,  produce  weakly  dentate  margin. 

DORS:  Enlarged  dorsals  tapered. 

ENGP:  Enlarged  gulars  project  horizontally. 

JUSH:  Jugal  is  expanded  posteriorly  (also  at  Node  C). 

JUSU:  Jugal  surface  with  tuberosities  (also  in  P.  ditmarsi). 

POST : Postorbital  curves  outward,  skull  flaring  (except  P.  cor- 

nutum). 


Node  E 

ENGP:  Enlarged  gulars  secondarily  lost  (also  in  P.  modestum). 

JUSA:  Jugal  with  posterior  border  sloping  posteriorly. 

PLAB:  Postlabials  flat,  triangular,  enlarged  posteriorly,  and 

directed  upward. 

Node  F 

CHIN:  Chinshields  enlarged,  produce  strongly  peaked  row 

margin. 

JUSA:  Jugal  with  posterior  border  sloping  anteriorly. 

JUSU:  Jugal  surface  with  processes. 

LFRO:  Lower  row  of  abdominal  fringe  scales  extensive. 

SLAB:  Supralabial  margin  partly  or  entirely  dentate. 

Node  G 

DENS  & Dentary  and  surangular  have  laterally  directed  horns; 
SURA:  i.e.,  chinshields  acquire  bony  supports. 

ENAR:  External  nares  enter  dorsally  (also  at  Node  C). 


Table  7.  Continued. 

NAMX:  Nasals  and  maxillae  not  in  contact  (also  at  Node  C). 

PMAX:  Spine  of  premaxilla  ascends  steeply  from  its  base. 

PNAR:  External  nares  situated  well  above  canthal  lines  (also 

at  Node  C). 

RSFA:  Rostrofrontal  angle  more  or  less  acute. 

SBAR:  Supraorbital  bar  is  complete  (also  in  P.  taunts). 

Node  H 

CODS:  Coronoid  overlaps  dentary  and  surangular  slightly  (also 

at  Node  C). 

DORS:  Dorsals  flat,  carinate,  with  free  edge. 

LFRO:  Lower  abdominal  fringe  row  secondarily  lost. 

PARS:  Enlarged,  projecting  scale  at  base  of  parietal  horn. 

RLIP:  Rostral  lip  present. 

Node  I 

ANGU:  Angular  bone  variably  present  or  absent. 

PLAB:  Postlabials  subequal  to  or  smaller  than  infralabials. 

TYMP:  Tympanum  partly  concealed. 

Node  J 

CHIN:  Chinshields  somewhat  reduced,  obtuse,  less  project- 

ing. 

SBAR:  Supraorbital  bar  secondarily  incomplete. 


can  detect  the  existence  of  multiple  equally  parsimonious 
character-state  reconstructions  for  the  same  tree. 

Analysis  of  the  Phrynosoma  data  set  was  performed  with 
the  following  option  settings:  1)  no  weights  applied  to  the 
characters;  2)  rooting  with  a designated  hypothetical  ances- 
tor; 3)  Simple  Addition  sequence,  one  of  several  options  for 
determining  the  order  in  which  operational  taxonomic  units 
(OTUs)  will  be  added  to  the  tree;  4)  Farris  optimization  of 
character  states  assigned  to  hypothetical  taxonomic  units 
(HTUs);  and  5)  Global  branch-swapping,  an  algorithm  for 
rearranging  tree  topologies  in  search  of  shorter  trees. 

Analysis  of  the  original  data  set  yielded  two  most  parsi- 
monious trees,  having  nearly  identical  topologies.  Both  trees 
depict  two  groups  of  species  within  Phrynosoma,  but  differ 
in  the  arrangement  of  four  species,  P.  mcallii,  P.  modestum, 
P.  platyrhinos,  and  P.  solare.  In  a subsequent  analysis,  the 
characters  NAMX,  SBAR,  PNAR,  and  ENAR  were  recoded 
to  eliminate  homoplasy.  The  characters  were  recoded  by  sub- 
dividing them  into  two  different  character  sets  (with  alter- 
native states)  based  on  the  primary  dichotomy  of  the  clado- 
gram. The  four  homoplastic  characters,  as  well  as  others, 
were  retained  because  they  helped  to  resolve  relationships 
among  some  species.  The  analysis  produced  the  two  previ- 
ously obtained  trees,  as  well  as  a third,  which  differed,  again, 
only  in  the  arrangement  of  the  aforementioned  species  (Fig. 
12). 

In  an  attempt  to  resolve  the  relationships  of  the  four  Phry- 
nosoma species,  computer  analysis  was  performed  on  a sub- 
set of  the  original  data  matrix  including  the  characters  SBAR, 
PARS,  CHIN,  ENGP,  TYMP,  SUFO,  ANGU,  SPUN,  UFRO, 
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Table  8.  List  of  character  consistencies  for  the  characters  (exclusive 
of  autapomorphies)  used  in  the  cladistic  analysis.  A value  of  1.0 
indicates  no  homoplasy. 


Character 

Consistency 

Character 

Consistency 

ANGU 

0.667 

NAMX 

0.500 

CAUD 

1.000 

NUCH 

1.000 

CHIN 

0.667 

PARS 

1.000 

DENS 

1.000 

PLAB 

0.750 

DORS 

0.500 

PMAX 

0.500 

ECTO 

0.500 

PNAR 

0.500 

ENAR 

0.500 

POST 

0.500 

ENGP 

0.500 

RLIP 

1.000 

JUSA 

1.000 

RSFA 

1.000 

JUSH 

0.500 

SBAR 

0.286 

JUSU 

0.600 

SLAB 

1.000 

KEGU 

1.000 

SURA 

0.750 

LFRO 

0.286 

TYMP 

1.000 

MVEN 

1.000 

YENS 

0.667 

LFRO,  PMAX,  DORS,  and  six  additional,  potentially  useful 
characters.  The  six  characters  were  deemed  informative  for 
the  group  of  four  taxa,  but  were  excluded  from  the  larger 
analysis  because  of  homoplasy  or  high  variability  among  the 
other  species  of  Phrynosoma.  The  additional  characters  are: 
1)  CODS,  the  coronoid  overlaps  the  dentary  and  surangular 
slightly  (0),  or  none  at  all  ( 1 );  2)  RICT,  a small  postrictal  is 
present  (0),  or  absent  (1);  3)  NSQH,  two  to  three  squamosal 
horns  (0),  or  four  horns  ( 1 );  4)  CORA,  supracoracoid  foramen 
present  (0),  or  absent  ( 1 );  5)  MXOB,  maxilla  contacts  orbital 
margin  to  a small  (0),  moderate  (1),  or  large  (2)  extent;  and 
6)  CILW,  ciliary  row  width  is  moderately  narrow  (0),  or  wide 
(1).  The  character  states  for  the  six  characters  (in  the  order 
presented  above)  are:  P.  mcallii  (110001);  P.  modestum 
(010121);  P.  platyrhinos  (010011);  and  P.  solare  (101010). 
The  ancestral  states  for  these  characters  were  determined 
using  the  remaining  Phrynosoma  species  and  the  other  sce- 
loporines  as  out-groups.  For  further  information  on  these 
characters,  see  the  previous  morphological  descriptions. 

Computer  analysis  of  the  data  produced  a single  branching 
arrangement  with  a topology  identical  to  the  first  arrange- 
ment in  Figure  12.  The  first  branching  diagram  is  therefore 
accepted  as  the  most  probable.  The  entire  phylogenetic  re- 
construction is  presented  as  a cladogram  (Fig.  1 3),  which  has 
a total  length  of  75.0  and  a consistency  index  of  0.707.  The 
synapomorphies  supporting  the  cladogram  are  summarized 
in  Table  7.  One  character  listed  in  Table  7 (CODS)  was  used 
only  for  the  analysis  of  the  data  subset  to  resolve  the  branch- 
ing options  (Fig.  1 2),  but  subsequently  was  mapped  on  the 
cladogram  (Fig.  13).  The  character  consistencies  from  the 
original  data  matrix  are  listed  in  Table  8. 

The  cladogram  depicts  two  groups  diverging  from  a com- 
mon ancestor.  One  group,  the  “southern  radiation”  species, 
consists  of  P.  asio,  P.  braconnieri,  P.  ditmarsi,  and  P.  taurus; 
the  “northern  radiation”  group  includes  P.  douglassii,  P. 


Table  9.  Comparison  of  forelimb  and  hind  limb  length  among  se- 
lected species  of  Phrynosoma.  Limb  length  is  expressed  as  a per- 
centage of  snout-vent  length.  Abbreviations  are  N (sample  size),  X 
(mean),  S.E.  (standard  error),  and  S.D.  (standard  deviation). 


Species 

N 

X 

S.E. 

S.D. 

Range 

Forelimb 

P.  douglassii 

14 

32.60 

0.387 

1.45 

29.87-35.00 

P.  ditmarsi 

9 

40.03 

0.593 

1.78 

37.88-42.86 

P.  braconnieri 

36 

39.41 

0.438 

2.62 

34.69-45.95 

P.  taurus 

19 

39.67 

0.514 

2.24 

33.72-43.33 

Hind 

limb 

P.  douglassii 

14 

44.1 1 

0.722 

2.69 

39.51-48.68 

P.  ditmarsi 

9 

53.38 

1.116 

3.34 

48.00-57.69 

P.  braconnieri 

34 

53.27 

0.533 

3.11 

48.98-60.42 

P.  taurus 

19 

53.89 

1.155 

5.02 

46.51-69.70 

cornutiim.  P.  coronatum,  P.  mcallii,  P.  modestum.  P.  orbi- 
culare,  P.  platyrhinos,  and  P.  solare.  My  phylogenetic  recon- 
struction differs  in  several  ways  from  the  diagram  published 
by  Presch  (1969:fig.  8).  Presch  depicted  P.  asio  and  the  line 
leading  to  P.  braconnieri  and  P.  taurus  as  arising  indepen- 
dently from  the  ancestral  P.  orbiculare  lineage.  My  cladogram 
has  these  taxa  as  branches  off  the  same  phylogenetic  line.  In 
Presch’s  study,  P.  ditmarsi  was  considered  a derivative  of  a 
P.  douglassii-\\\se  lineage,  a conclusion  which  I believe  is  no 
longer  tenable.  The  resemblance  of  P.  ditmarsi  to  P.  doug- 
lassii is  superficial,  but  P.  ditmarsi  agrees  with  P.  asio,  P. 
braconnieri,  and  P.  taurus  in  many  details  of  the  lepidosis 
(see  Morphological  Descriptions).  Table  7 lists  the  synapo- 
morphies linking  P.  ditmarsi  with  the  southern  radiation 
group.  Moreover,  in  general  habitus,  P.  ditmarsi  is  similar 
to  P.  braconnieri  and  P.  taurus,  all  three  taxa  having  a short- 
ened tail  and  elongate  limbs  (Table  9). 

Another  point  of  difference  is  the  arrangement  of  northern 
radiation  members  having  an  “advanced  maxillary”  (=no 
contact  between  the  nasals  and  maxillaries).  Presch’s  diagram 
has  a polytomy  and  one  line  subdivides  to  yield  P.  modestum 
and  P.  mcallii.  Presch  ( 1 969:274)  regarded  P.  modestum  and 
P.  mcallii  as  “cognate”  species,  presumably  due  to  the  shared 
loss  of  the  angular.  Morafka  (1977)  reiterated  the  close  re- 
lationship by  referring  to  them  as  “sibling”  species.  The  pres- 
ence of  the  angular,  however,  is  variable  in  P.  modestum. 
Most  computer  manipulations  of  my  data  set  place  P.  mo- 
destum with  P.  platyrhinos,  and  I conclude  that  the  two  species 
are  each  other’s  closest  relatives  (siblings  in  the  phylogenetic 
sense;  Blackwelder,  1967:165).  Both  taxa  form  a sister  group 
to  P.  mcallii,  and  in  turn,  all  three  species  are  the  sister  group 
of  P.  solare,  producing  a pectinate  branching  arrangement. 
None  of  these  species  can  be  considered  siblings  in  the  sense 
of  being  morphologically  cryptic,  since  all  are  easily  distin- 
guishable by  external  characters. 

The  patristic  distance  tree  (Fig.  14)  depicts  the  amount  of 
anagenetic  evolution  (based  on  the  characters  studied)  that 
has  occurred  within  the  lineages  of  Phrynosoma.  Members 
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Figure  14.  A computer-generated  patristic  distance  tree  depicting  the  relative  amounts  of  phyletic  evolution  (anagenesis)  within  the  lineages 
of  Phrynosoma.  The  species  are  Phrynosoma  asio  (AS),  P.  braconnieri  (BR),  P.  cornutum  (CU),  P.  coronatum  (CO),  P.  ditmarsi  (DI),  P. 
douglassii  (DO),  P.  mcallii  (MC),  P.  modestum  (MO),  P.  orbiculare  (OR),  P.  platyrhinos  (PL),  P.  solare  (SO),  and  P.  taurus  (TA).  See  text  for 
discussion. 


of  the  southern  group  (P.  asio.  P.  braconnieri.  P.  ditmarsi. 
and  P.  taurus)  are  portrayed  as  being  generally  less  evolved 
from  the  ancestral  Phrynosoma  than  at  least  some  northern 
group  members.  In  particular,  the  radiation  of  desert-adapted 
species  {P.  cornutum.  P.  solare.  P.  mcallii.  P.  platyrhinos.  and 
P.  modestum)  has  diverged  considerably  from  the  ancestral 
Phrynosoma  (distance  of  30  to  the  group)  and  even  from  the 
coronatum-XiyiQ  progenitor  (distance  of  1 2 to  the  group).  The 
degree  of  divergence  of  some  of  the  more  highly  specialized 
species  is  established  with  reasonable  accuracy,  although  not 
all  of  the  available  autapomorphies  (e.g.,  the  flattened  tail  in 
P.  mcallii)  were  used  in  the  analysis. 

Presch  (1969)  considered  P.  orbiculare  to  be  osteologically 
the  most  primitive  member  of  the  genus,  and  he  enumerated 
the  ancestral  states  found  in  this  species.  In  terms  of  both 
external  and  skeletal  characters,  my  phylogenetic  analysis 
places  both  P.  orbiculare  and  P.  asio  as  relatively  primitive 
forms  within  their  respective  groups.  Phrynosoma  asio  has 
an  interesting  combination  of  apparently  plesiomorphic  states, 
including  narrow  ciliary  rows,  some  greatly  depressed,  en- 
larged dorsals  in  the  median  dorsal  area,  long  second  cera- 
tobranchials,  a steep  postorbital  orientation,  a relatively  long 
snout,  two  squamosal  horns,  vestiges  of  a lacrimal(?),  a pos- 


teriorly narrow  jugal,  and  remarkably  smooth  surfaces  on 
the  frontal,  jugal,  postorbital,  and  parietal.  The  possible  ves- 
tiges of  the  lacrimal  and  the  smooth  bony  elements  in  P. 
asio.  as  well  as  the  slender  ectopterygoid  in  P.  orbiculare,  are 
virtually  unique.  It  is  debatable  whether  these  states  are  truly 
ancestral  or  represent  autapomorphic  reversals.  They  are  cer- 
tainly features  that  would  be  expected  in  a primitive  Phry- 
nosoma derived  from  a somewhat  more  generalized  scelop- 
orine  progenitor. 

EVOLUTIONARY  PATTERNS  OE  CHARACTERS 

In  phylogenetic  systematics,  the  detection  of  homoplastic 
similarity  is  one  of  two  recurrent  problems,  the  other  being 
the  identification  of  ancestral  character  states.  Homoplasy 
occurs  when  two  taxa  independently  evolve  the  same  char- 
acter state.  Both  parallelism  and  convergence  are  subsumed 
in  the  concept.  Convergent  similarity  between  distantly  re- 
lated organisms  is  recognizable  because  the  resemblance  is 
superficial  and  never  perfect.  However,  at  progressively  lower 
taxonomic  levels,  homoplasy  becomes  increasingly  difficult 
to  distinguish  from  homologous  resemblance.  Within  the 
genus  Phrynosoma.  evolutionary  trends  have  apparently  led 
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to  some  striking  examples  of  character  convergence  between 
members  of  the  northern  and  southern  species  groups.  The 
nature  of  the  selective  pressures  producing  this  similarity, 
and  the  adaptive  significance  of  the  characters  themselves, 
are  not  understood  and  subject  to  speculation. 

The  northern  group  members  P.  cornutum,  P.  solare,  P. 
mcallii,  P.  platyrhinos,  and  P.  modestum  share  with  the 
southern  species,  P.  braconnieri  and  P.  tauriis,  similarity  in 
several  characters:  1 ) dorsal  entry  of  the  external  nares  (char- 
acter ENAR);  2)  location  of  the  external  nares  well  within 
(above)  the  canthal  lines  and  slightly  closer  to  the  orbits 
(character  PNAR);  and  3)  loss  of  contact  between  the  nasal 
and  maxilla  (character  NAMX).  Presch  (1969)  referred  to 
the  last  character  as  the  “advanced  maxillary”  which  he  used 
to  characterize  the  radiation  of  desert  species  in  the  northern 
group.  The  position  and  angle  of  entry  of  the  external  nares 
may  be  partially  correlated  characters.  Also,  the  posterior 
displacement  of  the  nares  within  the  canthi  may  be  devel- 
opmentally  correlated  with  the  loss  of  contact  between  the 
nasal  and  maxilla  (see  discussion  under  External  Naris).  Con- 
figuration of  the  rostrofrontal  region  does  not  appear  to  de- 
termine narial  position  or  contact  between  the  nasal  and 
maxilla.  The  northern  group  members  mentioned  above  have 
an  abrupt  rostrofrontal  angle,  whereas  the  two  southern  group 
species,  P.  braconnieri  and  P.  tauriis,  have  more  sloping  pro- 
files. A study  of  the  possible  functional  significance  of  dor- 
sally  pierced  nares,  situated  well  within  the  canthi,  seems 
warranted. 

Coronoid  overlap  with  the  dentary  and  surangular  (char- 
acter CODS)  is  a primitive  condition  in  Phrynosoma.  and 
reduction  or  loss  of  this  overlap  has  apparently  occurred 
independently  in  both  northern  and  southern  species  groups. 
Among  members  of  the  southern  group,  overlap  is  reduced 
in  P.  taurus  and  lost  in  P.  braconnieri,  while  in  the  northern 
members,  overlap  is  reduced  in  P.  modestum  and  P.  platy- 
rhinos, and  lost  in  P.  mcallii  and  P.  solare. 

A supraorbital  arch  or  bar  (formed  by  the  union  of  the 
prefrontal  and  frontal  processes)  has  evolved  independently 
at  least  twice,  once  in  P.  taurus  of  the  southern  group,  and 
possibly  once  in  the  common  ancestor  of  the  northern  species, 
P.  cornutum,  P.  solare,  and  P.  mcallii.  The  complete  arch 
appears  to  strengthen  the  supraorbital  area  and  to  provide 
an  additional  brace  for  the  superciliary  spine,  which  other- 
wise is  mainly  supported  by  the  postorbital.  It  is  noteworthy, 
however,  that  P.  asio  usually  has  a narrowly  interrupted  arch 
(Table  3,  Fig.  5),  despite  its  long,  projecting  superciliary  spines 
which  are  of  apparent  defensive  importance  in  conjunction 
with  the  squamosal  and  parietal  horns.  Among  the  northern 
species,  a complete  arch  was  apparently  secondarily  lost  in 
P.  platyrhinos  and  P.  modestum,  perhaps  as  a consequence 
of  an  evolutionary  trend  toward  crypticity  for  predator  avoid- 
ance, rather  than  predator  resistance  based  on  spiny  arma- 
ment. I note  that  in  both  species  the  superciliary  spines  are 
reduced  in  size,  and  in  P.  modestum  the  dorsal  spines  are 
reduced  and  the  abdominal  fringe  scales  have  become  lost. 

The  presence  of  horns,  especially  on  the  parietal  and  squa- 
mosal elements,  is  one  of  the  distinctive  features  of  the  genus 
Phrynosoma.  The  horns  were  presumably  small  in  the  com- 


mon ancestor  of  the  group,  and  subsequently  enlarged  in 
descendant  species,  perhaps  in  response  to  predator  selection. 
However,  in  both  northern  and  southern  groups,  there  ap- 
pears to  have  been  a reversal  in  this  trend.  In  the  southern 
group,  P.  ditmarsi  has  parietal  and  squamosal  horns  that  are 
remarkably  reduced.  Also  in  P.  taurus,  the  parietal  horns  are 
quite  small,  but  one  of  the  squamosal  horns  has  become 
greatly  enlarged.  Horn  reduction  has  also  occurred  in  the 
northern  group  member  P.  douglassii,  a derivative  of  a P. 
orbiculare-\\kt  ancestor.  Several  races  of  P.  douglassii,  e.g., 
P.  d.  douglassii  and  P.  d.  brevirostre,  have  very  small  horns. 

Surangular  horns  have  evolved  independently  in  the  two 
species  groups.  In  P.  ditmarsi  of  the  southern  group,  the 
surangular  has  several  more  or  less  ventrally  directed  horns. 
In  the  northern  species,  P.  cornutum,  P.  mcallii,  P.  modes- 
tum, P.  platyrhinos,  and  P.  solare,  the  surangular  bears  lat- 
erally directed  horns.  If  the  smooth  surfaces  of  the  frontal, 
jugal,  postorbital,  and  parietal,  seen  in  P.  asio  are  truly  re- 
tentions of  the  ancestral  condition,  then  the  tuberosities  and 
other  ornamentation  present  on  these  elements  in  members 
of  both  groups,  must  have  evolved  independently  as  well. 
The  appearance  of  tuberosities  and  small  horns  on  many  of 
these  elements  may  be  viewed  perhaps  as  a correlated  evo- 
lutionary response  to  predator  selection  for  enhanced  spiny 
armament. 

In  sceloporines  other  than  Phrynosoma,  the  maxilla  is  ex- 
cluded from  the  orbital  margin  by  the  anterior  process  of  the 
jugal.  However,  in  most  species  of  Phrynosoma,  the  maxilla 
may,  to  a greater  or  lesser  degree,  participate  in  the  antero- 
ventral  border  of  the  orbit.  In  the  ancestral  Phrynosoma,  the 
maxilla  was  probably  excluded  from  the  orbit  since  that  con- 
dition is  seen  not  only  in  other  sceloporines,  but  also  in  some 
specimens  of  several  Phrynosoma  species.  Contact  of  the 
maxilla  with  the  orbital  margin  has  occurred  independently 
in  members  of  both  groups  within  the  genus.  In  P.  braconnieri 
and  P.  taurus  (southern  group)  the  maxilla  participates  in 
the  orbital  border  to  a moderate  extent,  and  likewise  for  the 
northern  group  species,  P.  coronatum,  P.  douglassii,  P.  platy- 
rhinos, and  P.  solare.  More  extensive  participation  was  noted 
in  P.  cornutum  and  P.  modestum  (Table  2). 

The  ectopterygoid  is  a slender  element  in  sceloporine  gen- 
era other  than  Phrynosoma.  In  horned  lizards,  with  the  ex- 
ception of  P.  orbiculare,  the  element  has  become  expanded 
anteriorly  and  shortened  anterior  to  posterior.  Parallel  mor- 
phoclines  were  discerned  in  the  northern  and  southern  species 
groups  (Fig.  1 5). 

Another  example  of  homoplasy  concerns  the  supraoccip- 
ital,  which  in  most  Phrynosoma,  has  a nearly  vertical  ori- 
entation above  the  foramen  magnum.  In  P.  taurus  (southern 
group)  and  P.  cornutum  and  P.  solare  (northern  group),  how- 
ever, the  element  arches  posteriorly  before  joining  with  the 
parietal. 

Homoplastic  similarity  involving  the  orientation  and  cur- 
vature of  the  postorbital  has  also  been  noted.  In  Phrynosoma 
cornutum,  a northern  group  member,  the  postorbital  tends 
to  be  oriented  vertically  and  with  limited  outward  curvature; 
a similar  morphology  characterizes  the  southern  group  mem- 
bers (Fig.  6). 
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Figure  15.  Evolutionary  change  in  the  shape  of  the  ectopterygoid 
from  a relatively  long  and  slender,  to  short  and  wide  element.  Two 
parallel  morphoclines  A-H  and  I-L  are  illustrated.  Darkened  area 
represents  inferior  orbital  fossa.  Species  are  A,  P.  orbiculare  (MVZ 
137792);  B,  P.  douglassii  (AMNH  8237);  C,  P.  coronatum  (AMNH 
73517);  D,  P.  corniitum  (AMNH  90804);  E,  P.  mcallii  (AMNH 
73718);  F,  P.  modestum  (AMNH  74597);  G,  P.  platyrhinos  (AMNH 
75472);  H,  P.  solare  (RRM  2324);  I,  P.  asm  (AMNH  74838);  J,  P. 
ditmarsi  (UAZ  355 1 1);  K,  P.  taunts  (UTA  1 7 129);  L,  P.  braconnieri 
(AMNH  90833). 


Parallel  trends  in  reduction  of  the  second  ceratobranchials 
appear  to  have  occurred  in  the  southern  and  northern  species 
groups,  but  this  conclusion  is  based  on  limited  data  (see 
discussion  under  Hyoid,  and  Fig.  7).  Phrynosoma  ditmarsi, 
P.  braconnieri,  and  P.  taiirus  have  short  or  very  short  second 
ceratobranchials,  a condition  also  seen  in  the  northern  species, 
P.  mcallii,  P.  modestum,  and  P.  solare. 

The  number  of  caudal  vertebrae  has  undergone  reduction 
independently  in  the  northern  and  southern  species  groups. 
According  to  Presch  (1969),  P.  cerroense,  a derivative  of  a 
P.  coronatum-like  species,  has  a reduced  number  of  caudal 
vertebrae,  but  his  count  of  19  falls  within  the  range  of  vari- 
ation of  P.  coronatum  (14-23)  (Presch,  1969;table  1,  fig.  8). 
Several  races  of  P.  douglassii,  notably  P.  d.  brachycercum 
and  P.  d.  ornatissimum,  have  a shortened  tail  (Montanucci, 
unpubl.  data),  and  presumably  a reduced  number  of  caudal 
vertebrae.  In  the  southern  group,  P.  ditmarsi  has  about  14 
caudal  vertebrae,  and  this  is  further  reduced  (9-12)  in  P. 
braconnieri  and  P.  taunts. 

Most  species  of  Phrynosoma  have  one  or  more  rows  of 
enlarged  gulars  on  either  side  of  the  throat.  A single  row  of 
enlarged  gulars,  or  none  at  all,  may  have  been  present  in  the 
common  ancestor.  Three  to  five  rows  of  enlarged  gulars  have, 
therefore,  evolved  independently  in  P.  coronatum  (northern 
group)  and  P.  asio  (southern  group).  In  P.  platyrhinos  a single 
row  may  or  may  not  be  present,  and  in  P.  tnodestum  the 
enlarged  gulars  were  apparently  lost.  Enlarged  gulars  were 
apparently  also  lost  in  the  orbiculare  lineage.  The  trend  to- 
ward loss  is  repeated  in  the  southern  group.  Phrynosoma 
ditmarsi  and  P.  taunts  have  a shortened  row  on  either  side, 
and  in  P.  braconnieri,  the  row  is  further  reduced  or  absent. 

Homoplasy  is  also  associated  with  the  lateral  abdominal 
fringe  scales.  The  ancestral  Phrynosoma  may  have  had  a 
single  row  of  fringe  scales,  and  if  so,  P.  asio  (southern  group) 
and  P.  cornutum  and  P.  coronatum  (northern  group)  have 
independently  evolved  a second  (lower)  row  of  fringe  scales. 
These  several  species  are  relatively  large,  conspicuous,  spiny 
forms,  and  development  of  a second  fringe  row  may  have 
been  correlated  with  the  evolution  of  spiny  armament  through 
predator  selection.  Phrynosoma  mcallii,  P.  cerroense,  and  P. 
coronatum  jamesi  have  a short,  lower  row  of  fringe  scales 
which  may  be  viewed  as  secondarily  reduced,  considering 
that  P.  cornutitm  and  most  forms  of  P.  coronatum  have  a 
fully  developed  lower  fringe  row.  Phrynosoma  modestum  has 
completely  lost  the  fringe  scales,  a possible  consequence  of 
evolution  toward  stone-mimicry  (Sherbrooke  and  Monta- 
nucci, in  press). 

Finally,  it  is  of  interest  to  point  out  some  morphological 
variations  among  the  races  of  P.  coronatum  that  are  con- 
vergent with  the  morphology  of  P.  solare.  There  is  a tendency 
for  the  external  naris  to  be  situated  slightly  above  the  canthal 
line  in  P.  c.  coronatum  and  other  Baja  peninsular  forms,  as 
it  is  distinctly  so  in  P.  solare.  The  parietal  shelf  is  extensive 
posteriorly  in  P.  solare,  and  there  is  some  development  of  a 
shelf  beyond  the  limits  of  the  occipital  condyle  in  P.  c.  cor- 
onatum. In  the  northern  P.  c.  frontale  and  P.  c.  blainvillii, 
however,  the  parietal  is  nearly  even  with  the  occipital  con- 
dyle. The  squamosal  and  parietal  horns  are  markedly  flat- 
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tened  in  cross  section  in  P.  solare.  The  horns  are  slightly 
flattened  in  P.  c.  coronatum,  but  in  P.  c.  fwntale  and  P.  c. 
blainvillii  they  are  nearly  rounded.  The  squamosal  and  pa- 
rietal horns  are  quite  enlarged  and  flared  in  P.  c.  coronatum, 
the  overall  appearance  being  reminiscent  of  the  encircling 
cephalic  horns  of  P.  solare.  These  parallels  in  horn  mor- 
phology may  be  due  to  similarities  in  the  kinds  of  predators 
and  intensity  of  predation  affecting  horned  lizard  populations 
at  southerly  latitudes  in  the  Sonoran-Sinaloan  and  Baja  pen- 
insular regions. 

HISTORICAL  PERSPECTIVE 

My  reconstruction  of  the  phylogenetic  history  of  Phrynosoma 
(Fig.  13)  is  an  hypothesis  based  on  the  comparative  distri- 
bution of  character  states  among  the  extant  species  within 
the  genus,  as  well  as  related,  out-group  taxa.  A scenario  for 
the  evolutionary  history  of  Phrynosoma  is  developed  in  the 
context  of  existing  conceptual  models  of  the  paleogeography 
and  paleoecology  of  North  America  (Axelrod,  1948,  1958, 
1975,  1979;  King,  1958,  1977).  The  chronology  of  geological 
events,  following  the  time-scale  of  Berggren  and  Van  Cou- 
vering  (1974)  and  Van  Couvering  (1978),  is  used  to  estimate 
when  the  lineages  of  Phrynosoma  may  have  separated.  The 
fossil  record  of  the  genus  is  fragmentary  and  offers  no  em- 
pirical support  for  the  branching  topology  of  my  cladogram. 
However,  the  fossil  material  is  reviewed  in  an  attempt  to 
understand  the  relationships  of  some  extinct  forms,  and  to 
view  the  temporal  distribution  of  extant  species  on  the  basis 
of  fossils  thus  far  accumulated.  In  the  discussions  that  follow, 
there  is  a measured  amount  of  hypothesis-fitting,  which  has 
risk  since  the  existing  paleoecological  models,  and  their  off- 
spring, have  not  been  subjected  to  rigorous  evaluation.  Fur- 
thermore, much  of  the  geological  history  relevant  to  the  evo- 
lution of  Phrynosoma  is  a complex  series  of  events  for  which 
detailed  evidence  is  wanting.  Therefore,  my  historical  scenar- 
io for  Phrynosoma  is  stated  in  general  terms  and  provides 
only  a basic  framework  which  will  undoubtedly  be  altered 
and  refined  as  information  about  the  paleoenvironment  of 
North  America  accrues. 

During  the  Eocene,  the  Neotropical-Tertiary  geoflora  was 
extensive  in  the  southwestern  region  of  North  America.  The 
epoch,  however,  marked  the  beginning  of  a gradual  trend 
toward  a cooler,  drier  climate.  The  tropical  forests  contracted 
southward  and  were  replaced  by  a more  diverse,  drought 
resistant  Madro-Tertiary  geoflora.  By  middle  Miocene,  arid 
tropical  scrub  occupied  much  of  the  present  Sonoran  desert 
region  and  adjacent  areas,  and  eastward,  pinon-oak  wood- 
lands had  spread  through  the  uplands  and  nascent  mountains 
of  Mexico.  Neotropical  floras  were  confined  to  the  south 
along  the  Pacific  lowlands  of  Mexico  (Axelrod,  1975,  1979). 

The  radiation  of  the  sceloporines  was  probably  directly 
associated  with  the  development  of  the  diverse  Madro-Ter- 
tiary geoflora.  Etheridge  and  de  Queiroz  (in  press)  conclude 
that  Phrynosoma  and  the  sand  lizards  separated  from  one 
another  after  Petrosaurus  diverged  from  all  other  scelopo- 
rines and  after  the  sand  lizard-horned  lizard  lineage  sepa- 
rated from  that  leading  to  Sceloporus-Urosaiirus-Uta.  Thus, 


Phrynosoma  may  have  diverged  relatively  late  during  the 
sceloporine  radiation,  possibly  about  late  Oligocene-early 
Miocene.  Sometime  between  early  and  middle  Miocene,  the 
ancestral  Phrynosoma  divided  into  two  lineages.  One  lineage 
was  an  asio-Wke.  Phrynosoma  which  retained  several  primitive 
features,  including  a steep  postorbital  angle,  an  elongate  snout, 
two  squamosal  horns,  smooth  frontal,  jugal,  parietal,  and 
postorbital,  non-peaked  chinshields,  a posteriorly  narrow  ju- 
gal, and  possibly  remnants  of  the  lacrimals.  This  was  a low- 
land form  that  may  have  inhabited  arid  tropical  scrub  and 
dry  forest  environments  similar  to  those  occupied  by  modern 
Phrynosoma  asio.  This  lineage  was  to  diverge  from  the  ances- 
tor by  developing  an  expanded  surangular  with  an  angled 
edge,  and  keeled  gular  and  ventral  scales.  The  other  diverging 
lineage,  an  orbiculareAike  form,  retained  the  primitive,  con- 
vexly  rounded  surangular,  relatively  long,  slender  interclav- 
icle median  process,  slender  ectopterygoid,  but  diverged  from 
the  ancestor  in  having  three  squamosal  horns,  a low  post- 
orbital angle,  a truncate  snout,  an  expanded  jugal,  and  small, 
but  peaked  chinshields.  The  orbiculare-\\]se  species  occurred 
in  upland  environments  (semiarid  grasslands,  and  pine-oak 
woodlands)  and  was  widespread  by  middle  Miocene  when 
the  Mexican  plateau  and  Sierra  Madre  Occidental  and  Ori- 
ental were  uplifted  (King,  1977).  A nearly  complete,  fossil- 
ized maxilla  of  Phrynosoma  from  the  middle  Miocene  (Split 
Rock  Formation)  of  Wyoming  was  described  by  Robinson 
and  Van  Devender  (1973)  and  questionably  assigned  to  P. 
douglassii.  The  evidence  would  suggest  that  P.  douglassii,  or 
a form  very  similar  to  it  {P.  orbicidarel)  was  already  in  ex- 
istence by  that  time,  with  a distribution  extending  to  at  least 
42°N  latitude.  Murphy  (1983)  thought  that  Cascadian  oro- 
genic  events  at  the  end  of  the  Miocene  divided  widespread 
populations  into  eastern  and  western  halves,  resulting  in  the 
formation  of  species  pairs  such  as  Phrynosoma  coronatum 
and  P.  orbiculare.  among  others.  Based  on  my  cladogram, 
the  two  are  not  species  pairs;  a possibly  more  accurate  in- 
terpretation is  that  the  cladogenetic  event  at  Node  D (Fig. 

1 3)  corresponds  to  the  late  Miocene  orogeny. 

Phrynosoma  coronatum  or  a coronatum-like  progenitor 
gave  rise  to  a series  of  five  xeric-adapted  species  during  the 
Pliocene  and  Pleistocene.  Although  the  coronatum-\ike  pro- 
genitor had  enlarged  chinshields,  it  lacked  bony  supports  for 
them,  but  the  desert  forms  that  evolved  from  this  lineage, 
evolved  horns  on  the  surangular  and  horns  or  protuberances 
on  the  dentary  which  support  the  chinshields.  These  desert 
species  diverged  further  from  the  coronatum-like  ancestor  in 
having  dorsally  pierced  external  nares  located  well  within  the 
canthal  lines,  acquiring  an  abrupt  rostrofrontal  angle,  and 
losing  contact  between  the  nasals  and  maxillae. 

Phrynosoma  cornutum  is  perhaps  one  of  the  earliest  clado- 
genetic products  of  this  smalt  radiation  of  desert  and  semi- 
desert  species.  Fossils  referred  to  P.  cornutum  are  known 
from  the  upper  Pliocene  and  were  found  in  the  Rexroad  fauna 
(early  Blancan  Land  Mammal  Age;  Oelrich,  1954),  the  Saw 
Rock  Canyon  fauna  (early  Blancan;  Etheridge,  1960a),  of 
Kansas  and  the  Beck  Ranch  fauna  (early  Blancan;  Rogers, 
1976)  of  Texas,  and  the  Sand  Draw  fauna  (late  Blancan; 
Holman,  1972)  of  Nebraska.  Pleistocene  and  Holocene  re- 
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mains  of  P.  cornutum  are  known  from  Newton  County,  Ar- 
kansas (late  Pleistocene;  Gilmore,  1928),  the  Cragin  Quarry 
fauna  (Sangamon  Interglacial;  Etheridge,  1958,  1960b),  the 
Nash  Local  fauna  (Aftonian;  Holman,  1979)  of  Kansas,  Shel- 
ter Cave  (late  Pleistocene;  Brattstrom,  1964),  Dry  Cave  (late 
Pleistocene;  Holman,  1970),  Howell’s  Ridge  Cave  (Pleisto- 
cene-Holocene;  Van  Devender  and  Worthington,  1 977),  and 
Rocky  Arroyo  (early  Holocene;  Van  Devender,  1 980)  in  New 
Mexico,  and  the  Slaton  Local  fauna  (Pleistocene,  Illinoian; 
Holman,  1 969)  and  Hueco  Mountains  (late  Pleistocene;  T.R. 
Van  Devender,  unpubl.  data)  of  Texas.  Phrynosoma  cor- 
nutum apparently  evolved  via  allopatric  speciation  from  a 
widespread  population  that  was  subdivided  into  eastern  and 
western  halves  by  further  uplifting  of  the  Sierra  Madre-Rocky 
Mountains  axis  in  the  middle  Pliocene  (Eardley,  1 962;  King, 
1977).  Gene  flow  through  the  Cochise  Lilter  Barrier  (Mo- 
rafka,  1977)  was  probably  reduced  prior  to  that  time,  allow- 
ing for  gradual  dilferentiation  of  eastern  and  western  popu- 
lations, and  it  may  have  ceased  altogether  with  culmination 
of  the  middle  Pliocene  orogeny.  The  eastern  population  thus 
evolved  into  P.  cornutum.  while  the  western  population  be- 
came the  progenitor  from  which  P.  mcallii,  P.  modestum.  P. 
platyrhinos.  and  P.  solare  arose.  The  western  progenitor  pop- 
ulation was  generalized  in  lacking  a second  pair  of  parietal 
horns,  but  probably  shared  a complete  supraorbital  arch  with 
its  eastern  sister  population. 

Phrynosoma  solare  evolved  a second  pair  of  parietal  horns 
and  became  ecologically  associated  with  the  Arizona  Upland 
Subdivision  (Cercidium-Opuntia)  of  the  Sonoran  Desert  and 
with  the  Sinaloan  Thornscrub  (Brown  and  Lowe,  1980)  to 
the  south.  Phrynosoma  mcallii  evolved  from  the  western 
progenitor,  possibly  as  a peripheral  isolate  or  via  parapatric 
speciation  (Endler,  1977)  when  aeolian  deposits  were  formed 
in  the  Salton  Trough  region.  Middle  Pliocene  aridity  prob- 
ably enhanced  the  development  of  widespread  sand  habitats, 
allowing  for  the  evolution  of  the  distinctive  dune-adapted 
morphology  seen  in  Uma  (Norris,  1958)  as  well  as  in  P. 
mcallii.  Thus,  the  evolution  of  P.  mcallii  may  have  com- 
menced close  to  the  time  when  the  western  progenitor  be- 
came separated  from  the  eastern  progenitor  of  P.  cornutum. 
Phrynosoma  mcallii  presently  occurs  on  dunes  formed  during 
Quaternary  time,  largely  from  Colorado  River  delta  sediment 
(Merriam,  1 969),  and  on  shell  dunes  along  the  Sonoran  coast, 
perhaps  of  more  recent  geologic  age  (Ives,  1959).  It  also 
occurs  in  the  sandy  flats  well  inland  from  the  coastal  dunes. 

A more  recent  (late  Pliocene-early  Pleistocene)  derivative 
of  the  western  progenitor  population  was  a platyrhinos-\ik.Q 
form  which  spread  northward  into  the  Great  Basin,  and  east- 
ward into  the  Chihuahuan  desert  during  interglacial  times. 
The  lineage  was  characterized  by  loss  of  the  complete  su- 
praorbital bar,  and  slight  reduction  of  the  chinshields  to  form 
more  obtuse  projections.  The  platyrhinos-\\\!£  population  may 
have  become  geographically  isolated  from  the  progenitor  of 
P.  solare  and  P.  mcallii  to  the  south,  by  the  Colorado  and 
Gila  rivers.  With  increased  precipitation  during  Pleistocene 
pluvial  periods,  a greater  runoff  would  have  occurred  along 
these  drainage  systems  (Schumm,  1965),  and  this  may  have 
created  a more  effective  barrier  to  gene  exchange  than  during 


interpluvial  periods.  The  platyrhinos-Mk^e.  progenitor  was  sep- 
arated into  western  and  eastern  halves  along  the  Cordilleran 
axis  during  the  Pleistocene  glacial  periods,  eventually  re- 
sulting in  the  allopatric  evolution  of  P.  modestum  from  its 
sister,  P.  platyrhinos.  These  two  Phrynosoma  constitute  east- 
west  vicariant  species  pairs.  Morafka  (1977)  listed  a number 
of  other  vicariant  pairs  of  amphibians  and  reptiles,  but  er- 
roneously associated  P.  modestum  with  P.  mcallii.  and  P. 
platyrhinos  with  P.  cornutum.  The  role  of  the  Cordilleran 
axis  in  the  formation  of  east-west  species  pairs  is  quite  clear, 
although  their  evolution  may  have  occurred  at  different  times. 
Phrynosoma  modestum  is  known  from  the  Cragin  Quarry 
fauna  (Sangamon  Interglacial;  Etheridge,  1958,  1960b)  of 
Kansas.  The  locality  is  slightly  farther  north  than  the  present 
distributional  limits  of  the  species  (Conant,  1975).  Phryno- 
soma modestum  is  also  known  from  the  extralimital  locality 
of  Deadman  Cave,  Pima  Co.,  Arizona  (middle  Holocene; 
Mead  et  al.,  1984;  T.R.  Van  Devender,  pers.  comm.),  as  well 
as  from  Howell’s  Ridge  Cave  (Pleistocene-Holocene;  Van 
Devender  and  Worthington,  1 977)  in  New  Mexico,  and  from 
Maravillas  Canyon  and  Tunnel  View,  near  Rio  Grande  Vil- 
lage (Pleistocene-Holocene;  T.R.  Van  Devender,  unpubl. 
data)  in  Brewster  Co.,  Texas.  A previously  published  record 
from  Rocky  Arroyo,  New  Mexico  (Van  Devender,  1980), 
proved  to  be  a juvenile  P.  cornutum  on  reexamination  (T.R. 
Van  Devender,  pers.  comm.).  The  fossil  record  of  P.  platy- 
rhinos is  meager,  with  late  Pleistocene  and  early  Holocene 
material  known  from  Gypsum  Cave  (Brattstrom,  1954)  and 
Smith  Creek  Cave  (Brattstrom,  1976;  Mead  et  al.,  1982)  in 
Nevada.  Pleistocene-Holocene  fossils  of  P.  solare  are  known 
from  Deadman  Cave  (Mead  et  al.,  1984)  and  Organ  Pipe 
Cactus  National  Monument  (T.R.  Van  Devender,  unpubl. 
data),  in  Pima  Co.,  Arizona.  Norell  (1983)  described  a new 
species  of  fossil  Phrynosoma  of  late  Neogene  age,  from  the 
Anza  Borrego  desert  of  southern  California.  He  indicated 
that  only  the  fossil  and  P.  platyrhinos  and  P.  mcallii  have 
two  large  parietal  horns  separated  by  a median,  weakly  point- 
ed horn.  However,  this  is  incorrect  as  other  Phrynosoma  have 
the  median  horn  (Presch,  1969:257).  The  fossil  and  P.  mcallii 
have  supratemporal  fossae  with  flanges  of  bone  emanating 
from  their  entire  circumference.  Norell  (1983)  considered 
this  a derived  character  state,  but  he  noted  that  the  degree 
of  bone  encroachment  into  the  fossae  is  more  complete  in 
P.  mcallii.  Occlusion  of  the  supratemporal  fossae  is  an  on- 
togenetic process  in  P.  mcallii  (Norris  and  Lowe,  1951),  and, 
therefore,  I question  whether  this  difference  is  real.  The  fossil 
also  has  accessory  horns  ventral  to  the  enlarged  squamosal 
horns,  a feature  apparently  lacking  in  P.  mcallii  as  well  as 
other  Phrynosoma.  The  morphology  of  the  squamosal  seems 
to  be  more  derived  in  the  fossil  than  in  P.  mcallii  because 
of  the  unique  presence  of  accessory  horns.  The  fossil  may 
represent  a sister  species  to  P.  mcallii. 

Phrynosoma  holmani  (Eshelman,  1975;  Van  Devender  and 
Eshelman,  1979)  is  an  interesting  late  Pliocene  (late  Blancan 
Land  Mammal  Age)  fossil  species,  described  from  two  right 
dentaries.  The  fossil  material  has  a combination  of  ancestral 
and  derived  character  states.  The  teeth  are  taller  than  extant 
species  of  Phrynosoma,  with  transversely  expanded  tooth 
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bases  and  weakly  tricuspid  crowns,  a morphology  suggesting 
a varied  insectivorous  diet  (Van  Devender  and  Eshelman, 
1979).  The  dentary  is  also  described  by  these  workers  as 
having  a strongly  angled  ventrolateral  surface,  but  apparently 
lacking  protuberances.  The  angled  dentary  is  a derived  char- 
acter state  also  seen  in  the  assemblage  of  desert  species  P. 
cornutum,  P.  mcallii,  P.  modestum.  P.  platyrhinos,  and  P. 
solare.  On  the  basis  of  this  feature,  P.  holmani  appears  to 
be  allied  to  this  group.  Furthermore,  among  other  charac- 
teristics enumerated  by  Van  Devender  and  Eshelman,  are 
several  which,  in  combination,  suggest  to  me  affinities  with 
P.  cornutum.  These  include:  a depression  on  the  posterior 
dorsolateral  surface;  an  open  Meckelian  canal,  with  little  con- 
striction in  the  middle,  and  deep  development  of  the  dentary 
below  the  Meckelian  canal.  Van  Devender  and  Eshelman 
concluded  that  none  of  the  living  species  is  apparently  de- 
rived from  P.  holmani.  However,  I would  suggest  that  P. 
holmani  is  a more  primitive  sister  taxon  of  P.  cornutum.  or 
possibly  near  its  ancestor,  and  was  eventually  displaced  by 
the  more  derived  species.  Dentaries  of  Pleistocene  P.  cor- 
nutum and  P.  holmani  are  illustrated  for  comparison  (Fig. 
16). 

Phrynosoma  douglassii  is  a northern  derivative  of  an  or- 
biculare-like  progenitor.  The  separation  of  these  montane- 
adapted  forms  may  have  occurred  at  the  start  of  the  Pliocene 
when  climatic  drying  began  to  outpace  cooling,  even  at  high 
elevations.  With  declining  precipitation/temperature  ratios, 
the  forest  biotas  became  contracted  and  fragmented,  and  the 
xeric  Madro-Tertiary  geoflora  expanded  to  produce  a desert 
continuum  between  the  Mohave  and  Chihuahuan  deserts 
(Morafka,  1977).  This  desert  corridor  through  the  Cochise 
Portal  may  have  been  sufficient  to  impede  gene  flow  between 
populations  along  the  north-south  axis  of  the  Sierra  Madre- 
Rocky  Mountains,  thus  resulting  in  the  allopatric  speciation 
of  Phrynosoma  douglassii  from  P.  orbiculare  or  an  orbicu- 
/arc-like  progenitor. 

Phrynosoma  adinognathus  is  a robust  relative  of  P.  doug- 
lassii from  the  early  Pleistocene  (early  Irvingtonian  Land 
Mammal  Age)  Borchers  fauna  of  Kansas  (Rickart,  1976).  The 
description  of  this  fossil  is  based  on  several  fragments  of 
dentaries  and  a frontal  which  are  structurally  robust,  being 
several  times  thicker  than  P.  douglassii.  Rickart  compared 
the  fossil  material  with  several  hundred  dentaries  of  sub- 
Recent  P.  douglassii  and  found  the  differences  to  be  constant 
and  without  evidence  of  allometric  increase  of  bone  thick- 
ness with  linear  dimension.  Rickart  also  indicated  a larger 
size  for  P.  adinognathus  compared  with  P.  douglassii.  Van 
Devender  and  Eshelman  (1979)  compared  this  fossil  form 
with  extant  material  of  P.  douglassii  of  the  same  size,  and 
suggested  that  the  two  may  be  found  to  be  conspecific  when 
the  relationship  between  Pleistocene  climates  and  robustness 
in  reptiles  and  amphibians  is  better  understood.  However, 
Larry  D.  Martin  (pers.  comm.)  doubts  that  the  extreme  ro- 
bustness characteristic  of  P.  adinognathus  can  be  ascribed  to 
Pleistocene  climates  as  it  is  not  seen  in  P.  douglassii  from 
glacial  horizons  (e.g.,  Type  Sappa  Locality,  1.2  million  years 
B.P.).  He  is  not  aware  of  other  examples  of  robustness  aside 
from  tortoises.  Fossil  materia!  of  P.  douglassii  is  known  from 


Figure  16.  Dentaries  of  the  late  Pliocene  Phrynosoma  holmani  (A, 
B)  and  Pleistocene  P.  cornutum  (C).  See  text  for  discussion.  Repro- 
duced with  permission  from  Eshelman  (1975)  and  Holman  (1979). 


Deadman  Cave,  Arizona  (late  Pleistocene-early  Holocene; 
Mead  et  al.,  1984),  Smith  Creek  Cave,  Nevada  (late  Pleis- 
tocene, Wisconsinan-early  Holocene;  Mead  et  al.,  1982), 
Burnet  and  Dark  Canyon  caves  (late  Pleistocene;  Rickart, 
1977;  Wiley,  1972),  Dry  Cave  (late  Pleistocene;  Holman, 
1 970),  and  Howell’s  Ridge  Cave  (Pleistocene-Holocene;  Van 
Devender  and  Worthington,  1977),  all  in  New  Mexico,  and 
from  South  Dakota  (Pleistocene,  early  Kansan  age;  Holman, 
1977),  and  from  Pratt  Cave  (late  Holocene;  Gehlbach  and 
Holman,  1974),  Steeruwitz  Hills  (Pleistocene,  late  Wiscon- 
sinan;  Van  Devender,  1986  and  unpubl.  data),  and  Hueco 
Mountains  (late  Pleistocene;  T.R.  Van  Devender,  unpubl. 
data)  in  Texas. 

Another  extinct  homed  lizard  is  Phrynosoma  josecitense 
of  late  Pleistocene  (Rancholabrean  Land  Mammal  Age) 
from  San  Josecito  Cavern,  Nuevo  Leon,  Mexico,  described 
by  Brattstrom  (1955).  Brattstrom  indicated  that  this  species, 
which  has  four  squamosal  horns,  appears  to  be  closely  related 
to  P.  solare.  Van  Devender  and  Eshelman  (1979)  suggested, 
however,  that  P.  josecitense  may  not  be  closely  related  to  any 
extant  species.  I have  examined  a cast  and  photograph  of  the 
holotype  and  conclude  that  the  fossil  bears  little  resemblance 
to  P.  solare.  Except  for  the  presence  of  four  squamosal  horns, 
it  differs  in  the  shape  and  orientation  of  the  horns.  The  in- 
ternal shapes  of  the  squamosal  are  similar  to  P.  coronation 
(Van  Devender  and  Eshelman,  1979).  The  dorsal  surface 
bears  a small  protuberance  dorsal  to  and  between  the  two 
posterior  horns  (Brattstrom,  1955).  I find  a similar  protu- 
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berance  between  the  last  two  horns  in  many  P.  orbiculare. 
There  are  only  three  squamosal  horns  in  P.  orbiculare.  but 
a slight  eminence  on  the  posterior  jugal  may  correspond  to 
the  most  anterior  horn  in  the  fossil.  However,  in  P.  joseci- 
tense  all  the  horns  are  situated  on  the  same  plane,  whereas 
in  P.  orbiculare  the  eminence  on  the  jugal  lies  slightly  above 
the  level  of  the  squamosal  horns.  It  is  doubtful  that  the  fossil 
specimen  includes  a portion  of  the  jugal  with  the  squamosal. 
The  last  two  homs  in  the  fossil  curve  slightly  downward,  a 
feature  occasionally  seen  in  P.  coronatum  and  P.  orbiculare. 
The  two  anterior  homs  on  the  fossil  are  quite  dorsoventrally 
flattened  and  blade-like,  a characteristic  which  I have  not 
seen  in  the  two  aforementioned  extant  species. 

Diversification  of  the  i35/o-like  progenitor,  which  produced 
P.  asio.  P.  braconnieri,  P.  ditmarsi.  and  P.  taurus,  appears 
to  be  relatively  old,  and  probably  preceded  the  radiation  of 
northern  desert  species  from  a coronatum-\ike  lineage.  Phry- 
nosoma  ditmarsi  from  northern  Sonora  is  disjunct  and  widely 
separated  from  its  southern  sister  group  {P.  braconnieri  and 
P.  taurus)  which  occurs  in  Guerrero,  Puebla,  and  Oaxaca. 
When  the  adaptive  radiation  of  this  lineage  took  place  is  not 
certain,  but  orogenic  events  during  the  middle  Miocene  (King, 
1977)  may  have  provided  the  opportunity  for  the  derivation 
of  an  upland  (middle  elevation)  Phrynosoma  characterized 
by  long  limbs,  a shortened  tail,  and  a viviparous  mode  of 
reproduction  (note  that  viviparity  evolved  twice  in  the  genus, 
once  in  this  group,  and  once  in  the  P.  orbiculare  lineage). 
The  long-legged  Phrynosoma  is  hypothesized  to  have  had  a 
latitudinally  extensive  distribution,  but  confined  narrowly 
(between  conifer  woodland  and  thornscrub)  along  the  western 
flanks  of  the  Sierra  Madre  Occidental  and  regions  south  of 
the  Transverse  Volcanic  Range.  In  the  middle  Pliocene,  the 
Sierra  Madre  Occidental  and  Oriental,  and  Mexican  Plateau, 
were  further  uplifted  to  near  their  present  elevations  (King, 
1977;  Eardley,  1962),  promoting  the  spread  of  pine-oak  and 
high-coniferous  forests.  The  distribution  of  this  long-legged 
Phrynosoma  may  have  become  fragmented  into  northern  (P. 
ditmarsi)  and  southern  (P.  braconnieri.  P.  taurus)  remnants 
as  a consequence  of  the  renewed  orogenic  events.  Phryno- 
soma orbiculare  may  have  played  a role  in  this  displacement 
as  its  distribution  now  largely  intercedes  the  northern  and 
southern  remnants. 

Phrynosoma  ditmarsi  is  presently  associated  with  Madrean 
evergreen  woodland  (Lowe  et  al.,  1971;  Lowe  and  Howard, 
1975)  and  short-tree  forest,  secondly  Sinaloan  Deciduous 
Forest  (Perrill,  1983).  Phrynosoma  braconnieri  and  P.  taurus 
occur  in  arid  tropical  scrub  and  several  montane  habitats 
(pine-oak  woodland  and  chaparral-oak  forest;  Davis  and 
Dixon,  1961;  Montanucci,  1979).  The  lowland  P.  asio  is 
largely  confined  to  arid  tropical  scrub  and  tropical  deciduous 
forest  (Davis  and  Dixon,  1961;  Baur,  1979)  from  Colima 
and  the  Balsas  Basin  southward  to  northern  Guatemala 
(Reeve,  1952;  Duellman,  1958).  Although  Phrynosoma  dit- 
marsi is  widely  separated  from  its  southern  relatives,  it  is 
possible  that  its  distribution  extends  farther  south  than  pres- 
ently known.  Suitable  habitat  apparently  occurs  beyond  the 


southernmost  known  locality  near  Tonichi,  Sonora.  There  is 
also  a possibility  that  a species  of  Phrynosoma  phylogenet- 
ically  intermediate  between  P.  ditmarsi  and  its  two  southern 
relatives  may  still  exist  relictually  in  western  Mexico.  This 
putative  species  should  be  sought  in  a narrow  zone  south  of 
the  presently  known  ranges  of  P.  solare  and  P.  ditmarsi,  and 
below  elevations  occupied  by  P.  orbiculare. 

Presch  (1969)  viewed  Phrynosoma  orbiculare  as  osteolog- 
ically  primitive  and  close  to  the  ancestor  from  which  all  other 
Phrynosoma  were  derived.  My  analysis  of  the  external  and 
osteological  characters  indicates  that  both  P.  orbiculare  and 
P.  asio  have  each  retained  some  of  the  primitive  features 
originally  present  in  the  ancestor  (see  foregoing  discussions). 
Thus  both  are  relatively  plesiomorphic  within  their  respec- 
tive groups.  To  derive  P.  asio  directly  from  an  orbiculare- 
like  ancestor  would  require  reversals  to  ancestral-like,  apo- 
morphic  states  for  a number  of  asio  characteristics:  narrow 
ciliary  rows;  depressed  median  dorsals;  non-peaked  chin- 
shields;  steep  postorbital;  elongate  snout;  smooth  parietal, 
frontal,  jugal,  and  postorbital;  two  squamosal  horns;  and  a 
posteriorly  narrow  jugal.  To  explain  these  character  states  as 
reversals  would  be  less  parsimonious  than  to  consider  them 
simply  as  retained  primitive  features  of  the  common  ancestor 
from  which  both  asio  and  orbiculare  were  derived.  The  pos- 
sible ecological  implication  of  Presch’s  position  could  be  that 
the  presence  of  P.  asio  in  tropical  deciduous  forest  and  arid 
tropical  scrub  habitats  is  the  result  of  an  invasion  by  a pro- 
genitor formerly  living  in  a more  temperate,  xeric  environ- 
ment. In  my  opinion,  something  close  to  the  reverse  occurred 
during  the  Miocene,  and  the  ecological  setting  of  P.  asio  is 
in  part  similar  to  that  in  which  the  ancestral  Phrynosoma 
existed.  Phrynosoma  orbiculare  is  unquestionably  ecologi- 
cally derived,  being  viviparous  and  adapted  to  relatively  cool, 
dry,  montane  environments. 
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APPENDIX 

This  list  of  specimens  examined  is  presented  alphabetically 
by  taxon  and  museum  (museum  abbreviations  follow  Lev- 
iton  et  al.,  1980).  Specimens  in  the  personal  collection  of 
T.R.  Van  Devender  are  designated  TRV,  and  those  of  my 
personal  collection  are  indicated  by  RRM;  my  collection  will 
eventually  be  deposited  in  the  LACM. 

Callisaurus  draconoides:  AMNH  74592,  KU  78521-23, 
LACM  1 307 1 4,  MVZ  79289-90;  Cophosaurus  texamis:  CAS 
9610-14;  Crotaphytiis  collaris:  KMHH  2363,  75090,  108314, 
KU  126925-27,  MCZ  549,  131699;  Crotaphytus  insularis: 
AMNH  108972,  KU  121464;  Gambelia  wislizenii:  AMNH 
73068,  75083,  KU  121684-85;  Holbrookia  elegans:  RRM 
1620;  Holbrookia  maculata:  RRM  1618;  Petrosaunis  mearn- 
si:  CAS  143164,  CAS-SU  17131-35,  LACM  131520,  MCZ 
68900;  Petrosaurus  slevini:  CAS-SU  1 7 1 38-43,  MCZ  85534; 
Petrosaurus  thalassiniis:  CAS  101446-47,  119121,  154925- 
27,  MCZ  14296,  68899;  Phrynosoma  asio:  AMNH  18476- 
77,  18480-81,  18483,  19378,  46279-80,  62320,  62607, 
68 1 34-39,  72636,  74838-39,  FMNH  3 1 3 1 5,  KU  40388-89, 
MVZ  137771,  137776,  RRM  1754-57,  2333(7),  TRV  1840- 
41;  Phrynosoma  braconnieri:  AMNH  89669-72,  90833-34, 
91483-84,  93808,  98086-87,  100731-32,  102746,  102748, 
106817-21,  FMNH  106208,  KU  37761,  MCZ  54959,  64101, 
MVZ  164361-63,  USNM  47286,  111369,  165694,  UTA 
4222,  4348,  4588,  4594,  4837-40,  7732,  10281,  1 1391-94; 
Phrymosoma  cormitiim:  AyiHH  15403,  15416,  76188,  77051, 
77117,  90804,  99686,  FMNH  3131  1, 31339,  98392-93,  KU 
2099,  7231,  7233,  13940,  18202,  19372-75,  19377,  19387, 
19405-10,  19429,  19444,  19447,  19554,  20992-93,  MCZ 
508,  51  1,  4555,  37217,  169686-87,  169857,  MVZ  78385- 
87,  137667,  RRM  2088-97,  2109-11,  2118-20,  2124-25, 
2207-08,  2264,  2309,  2334-35,  2337,  2358,  UMMZ  149114- 
16,  USNM  20956,  1 94855-56,  22021)1 -A\\  Phrynosoma cor- 
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onatwn:  AMNH  5148,  73517,  77049,  77052,  94547-48, 
95068,  99685,  CAS  58152,  FMNH  22394,  98954,  LACM 
127268-69,  MCZ  5515,  1 3 1 759,  MVZ  272,  58 1 8 1 , 137775, 
13777-82,  RRM  2029-34,  2176-78,  2331-32,  2347,  2369- 
75,  2395,  2398,  UMMZ  169885,  USNM  220242-43;  Phry- 
nosoma  ditmarsi:  AMNH  557,  107380,  112381-83,  MVZ 
134105,  RRM  2392,  2399,  2400(3),  2401(3),  2402-03,  2408, 
2409(6),  2412,  TRV  2535-37,  UAZ  3551  1,  USNM  36013, 
Phry nosoma  douglassii:  AWiNW  8237,  70639,  77050, 
CAS  34706,  FMNH  98394,  KU  13943-45,  LACM  4342- 
53, 19654-66, 19680-93,25386,26969,62556-57,  101534- 
35,  101539-51,  101557-58,  107275,  111228-31,  113428- 
41,  123341,  MCZ  5280,  9165,  62485,  1 39423,  MVZ  58 199, 
77046,  82664,  RRM  2265,  2306,  2310,  2389,  UMMZ 
138823,  1491 18-20,  USNM  1 35990,  220244,  222978;  F/z/-y- 
nosoma  mcallii:  AMNH  31811-12,  60571,  66052,  73718, 
77041-48,  84487,  108301,  125771,  FMNH  216162,  KU 
6998,  21930-31,  MCZ  44822,  61473,  MVZ  1006,  1 11509, 
RRM  2236-42,  2346,  2397;  Phiynosoma  modestum:  AMNH 
1323,  1327,  74499,  74597,  85624,  KU  473,  MCZ  62288, 
RRM  2073-87,  2288-95,  2313,  2342,  2396,  UMMZ  149121; 
Phiynosoma  orbicidare:  AMNH  15423,  CAS  156548-49, 
1 5656 1 , KU  23746-48,  25852-82,  25884-86,  28067,  29799, 
40386-87,  44163-64,  51764,  92571,  MCZ  11313,  19560, 
MVZ  137792,  RRM  2377-79,  USNM  220245;  Phiynosoma 
platyrhinos:  AMNH  547,  68612,  75472,  77039-40,  77053- 


55,  108316,  CAS  40788,  FMNH  31289,  216163,  KU  22237, 
LACM  127270,  MVZ  1300-01, 58573,  64187,  79295,  RRM 
2039-45, 2 1 26, 2 1 28-29, 2 1 66, 2323, 2367-68,  2394,  2407, 
UMMZ  149122-28,  169878,  169884,  169888,  USNM 
220246;  Phrynosoma  solare:  AMNH  1285,  2579,  70095, 
72477,  84561,  FMNH  22415,  98395-96,  KU  13941,  MCZ 
10008,  MVZ  79601-02,  95986,  RRM  2098-99,  2101-02, 
2108, 2127, 2319, 2324-25, 2328-29,  2336, 2376, 2405-06, 
UMMZ  180454,  USNM  220247;  Phrynosoma  taurus: 
AMNH  72530,  102749,  CAS  139841-42,  141361,  154069- 
70,  FMNH  105464,  KU  37802,  MCZ  43284,  MVZ  45004, 
RRM  2235,  UMMZ  88640,  USNM  46713,  1 11368,  UTA 
4841,  9092,  11388-90,  11395,  17129;  Sator  angustus:  CAS 
52481-84,  CAS  52486,  52499;  Sator  grandaevus:  CAS 
148912-17;  Sce/oporiis  graciosus:  LACM  131567-68;  Sce- 
loporiis  grammicus:  LACM  129272,  \29950-5\;  Sce/oporus 
merriami:  CAS-SU  9884;  Scetoporus  occidentalis:  AMNH 
107494-95,  LACM  129634,  134420,  135428,  MVZ  4785, 
39223;  Sceloporus  parvus:  CAS  1 15871-76;  Sceloporus  un- 
didatus:  KU  40322-23,  LACM  127273-75,  127340;  Scelop- 
orus variabilis:  MVZ  81313-14;  Uma  notata:  AMNH  68847, 
CAS  55368-69,  5337  1;  Urosaurus  auriculatus:  LACM 
132546-47;  Urosaurus  graciosus:  CAS  45335-40',  Urosaurus 
microscutatus:  CAS  146814-19;  Uta  stansburiana:  LACM 
127271,  130719-20,  MVZ  78200-01,  RRM  1638. 
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A REASSESSMENT  OF  REPTILIAN  DIVERSITY  ACROSS 
THE  CRETACEOUS-TERTIARY  BOUNDARY 


Robert  M.  Sullivan’ 


ABSTRACT.  A global  species  level  account  for  marine,  flying,  and 
terrestrial  reptilian  families  as  well  as  the  documentation  of  their 
biostratigraphic  occurrence  in  Late  Cretaceous  (late  Senonian)  through 
early  Paleogene  (Eocene)  strata  unequivocally  demonstrates  a grad- 
ual extinction  pattern  of  reptilian  species  through  the  Cretaceous- 
Tertiary  transition  and  is  inconsistent  with  arguments  to  the  contrary 
in  support  of  an  isochronous  catastrophic  mass  extinction  event. 
The  apparent  evidence  for  a supposed  mass  extinction  of  many  of 


the  Cretaceous  reptiles  has  been  created  by  the  use  of  higher  taxo- 
nomic categories  (principally  families)  and  unnatural  assemblages 
of  out-group  categories  (paraphyletic  groups)  coupled  with  poorly 
resolved  biostratigraphic  data.  A reassessment  of  the  reptilian  species 
lineages  that  approach  or  trangress  the  Cretaceous-Tertiary  bound- 
ary clearly  demonstrates  that  there  was  no  mass  extinction  of  di- 
nosaurs and  other  reptiles  at  the  termination  of  the  Cretaceous  Pe- 
riod. 


Evolutionary  biologists  are  agreed  that  the  species  is  the  only  taxon  with 
objective  reality  and  it  is  at  this  level  that  both  evolution  and  extinction 
takes  place. 

Norman  Newell,  1982:260 


INTRODUCTION 


Asteroid  impact,  comet  encounter,  and  supernova  explosion 
have  all  been  postulated  as  primary  causes  for  the  supposed 
global  mass  extinctions  in  the  Late  Cretaceous  (Russell  and 
Tucker,  1971;  L.  Alvarez  et  al.,  1980;  W.  Alvarez  et  ai.,  1982, 
1984a;  L.  Alvarez,  1983;  W.  Alvarez  et  al.,  1984b).  Volca- 
nism,  nemesis  event,  and  global  wildfires  have  been  recently 
proposed  by  various  individuals  (Bailey,  1984;  Hut,  1984; 
Raupand  Sepkoski,  1984;  Torbett  and  Smoluchowski,  1984; 
Gledhill,  1985;  Officer  and  Drake,  1985;  Wolbach  et  al., 
1985).  This  Late  Cretaceous  mass  extinction  has  been  viewed 
by  many  workers  to  be  an  isochronous  phenomenon,  effect- 
ing both  marine  and  terrestrial  realms.  It  is,  however,  the 
terrestrial  component  of  the  Late  Cretaceous  fauna  (largely 
dominated  by  the  dinosaurs),  that  receives  the  most  attention 
with  regard  to  this  mass  extinction.  The  occurrence  and  na- 
ture of  the  “Late  Cretaceous  mass  extinction”  has  led  to 
debates  within  the  scientific  community  (Russell,  1977,  1979, 
1982b,  1982c,  1982d;  Clemens  et  al.,  1981;  Archibald  and 
Clemens,  1982a,  1982b;  Asaro  et  al.,  1982;  Clemens,  1982; 
and  others).  However,  the  conspicuous  disappearance  of  the 
archaic  dinosaurs  along  with  the  marine  and  flying  reptiles 
often  cited  as  evidence  for  a mass  extinction  event  at  the  end 
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of  the  Cretaceous,  is  in  fact,  an  illusion,  created  by  scenarios 
based  upon  misinterpreted  biostratigraphic  data  and  anti- 
quated taxonomic  practices. 

The  gradualistic  nature  of  the  Cretaceous-Tertiary  faunal 
change  has  been  documented  by  many  recent  works.  Among 
the  more  important  are  Archibald  (1981)  for  mammals, 
Kauffman  (1982)  for  marine  invertebrates,  Tappan  (1982) 
for  faunas  and  floras  of  the  Phanerozoic,  and  Sloan  (1976), 
Van  Valen  and  Sloan  (1977),  Schopf  ( 1 982),  and  Sloan  et  al. 
(1986)  for  Late  Cretaceous  dinosaurs.  Other  recent  studies, 
such  as  the  sedimentary  facies  study  of  the  classic  Late  Cre- 
taceous terrestrial  sequence  at  Bug  Creek,  Montana,  by  Fas- 
tovsky  and  Dott  (1986),  neither  support  nor  refute  either 
gradualistic  or  catastrophic  models  for  the  end  of  the  Cre- 
taceous while  that  of  Signor  and  Lipps  ( 1 982)  suggested  that 
the  gradualistic  decline  in  taxa  at  the  end  of  the  Cretaceous 
reflects  inadequate  sampling.  However,  contrary  to  these  and 


1.  Post  Office  Box  151584,  San  Diego,  California  92115;  Re- 
search Associate,  Section  of  Vertebrate  Paleontology,  Los  Angeles 
County  Museum  of  Natural  History,  900  Exposition  Boulevard,  Los 
Angeles,  California  90007. 
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other  investigations,  there  are  an  adequate  amount  of  strati- 
graphic and  taxonomic  data  to  suggest  a non-catastrophic 
turnover  of  Late  Cretaceous  species.  Despite  this  fact,  most 
paleontologists  have  been  very  slow  to  present  these  data  in 
a convincing  way  and  many  paleontologists  still  believe  that 
a mass  extinction  took  place  at  the  end  of  the  Cretaceous 
Period. 

Dale  Russell  (hereafter  Russell)  has  long  been  an  advocate 
of  the  Late  Cretaceous  dinosaurian  mass  extinction  as  wit- 
nessed by  his  many  publications  (Russell  and  Tucker,  1971; 
Russell,  1975,  1977,  1979,  1982a,  1982b,  1982c,  1982d, 
1984).  Three  of  his  papers  (Russell,  1975,  1982d,  1984), 
which  form  the  focus  of  this  paper,  have  been  particularly 
important  in  assessing  the  diversity  of  reptilian  taxa  near  the 
Cretaceous-Tertiary  (K-T)  boundary  and  have  supported  the 
scenario  of  a catastrophic  mass  extinction  for  the  dinosaurs. 

Russell  (1975,  1982d)  presented  diagrams  illustrating  the 
chronostratigraphic  ranges  of  the  reptilian  families  near  the 
K-T  boundary.  Unfortunately,  his  diagrams  in  both  in- 
stances neither  accurately  present  the  known  chronostrati- 
graphic ranges  of  the  reptilian  families  in  the  detail  necessary 
to  demonstrate  an  isochronous  event,  nor  do  they  accurately 
reflect  true  reptilian  diversity  through  Late  Cretaceous  time. 
Other  objections  to  his  techniques  have  been  adequately  stat- 
ed by  Clemens  et  al.  (1981)  and  Schopf  (1982)  and  do  not 
need  to  be  repeated. 

There  are,  however,  some  additional  aspects  of  Russell’s 
studies  that  do  need  to  be  addressed.  Russell  (1982d),  in 
support  of  a mass  extinction  event  for  dinosaurs,  has  pointed 
to  the  large  number  of  specimens  found  in  Late  Cretaceous 
strata,  and  not  by  the  number  of  species  known.  As  with  his 
earlier  study  (Russell,  1975),  many  of  these  specimens  (and 
taxa)  had  not  been  correlated  with  precision  to  late  Maas- 
trichtian  strata.  Russell’s  usage  of  “Upper  Cretaceous”  is 
misleading  because  there  is  an  inherent  danger  that  many  of 
the  higher  taxonomic  categories  may  be  interpreted  as  being 
unequivocally  late  Maastrichtian  in  age,  when  in  fact  they 
may  be  older  (late  Santonian-middle  Maastrichtian).  Rus- 
sell’s ( 1 982d)  argument  for  numerous  dinosaurs  living  at  the 
time  of  the  Cretaceous-Tertiary  transition,  based  solely  on 
the  number  of  specimens  known,  not  on  the  number  of  species, 
is  irrelevant  when  assessing  taxonomic  diversity. 

Taxonomic  diversity  can  only  be  recognized  by  the  number 
of  clades  at  the  species  level,  rather  than  the  number  of 
higher  taxonomic  categories.  Family  rankings  do  not  in 
themselves  reflect  diversity,  nor  are  they  equivalent  in  rank 
or  degree  across  groups.  The  extinction  of  families  can  only 
be  viewed  in  terms  of  the  last  surviving  species;  the  majority 
of  species  within  a given  family  do  not  become  extinct  at  the 
same  time  under  normal  circumstances.  The  use  of  higher 
taxonomic  categories,  such  as  families,  in  discussions  of  mass 
extinction  without  addressing  species  diversity  through  time, 
only  continues  to  provide  poorly  resolved  data  (Valentine, 
1974).  Lack  of  agreement  concerning  the  number  and  make- 
up of  reptilian,  particularly  dinosaurian  families,  makes  es- 
timates of  diversity  based  upon  these  and  other  higher  taxo- 
nomic categories  unreliable  and  does  not  provide  any 


information  regarding  species  diversity,  as  Valentine  (1974), 
Archibald  and  Clemens  ( 1 982b),  Newell  ( 1 982),  Raup  ( 1 982), 
and  Sepkoski  (1 982)  have  recognized.  To  complicate  matters, 
a number  of  the  established  dinosaurian  families  are  now 
known  to  be  non-monophyletic,  and  thus  are  unnatural 
groups.  Continued  employment  of  these  taxonomic  group- 
ings in  discussions  of  taxonomic  diversity  only  serves  to  bias 
conclusions  regarding  extinction.  Mass  extinctions  are  thus, 
in  large  part,  products  of  the  utilization  of  higher  taxonomic 
categories  and  use  of  out-group  (paraphyletic)  extinctions. 

More  recently,  Russell  (1984)  attempted  to  present  North 
American  dinosaurian  diversity  for  the  entire  Mesozoic  based 
on  the  numbers  of  families  and  genera.  This  study  is  biased, 
not  only  because  of  the  utilization  of  higher  taxonomic  cat- 
egories as  just  outlined  for  his  previous  studies,  but  because 
it  was  largely  provincial  in  scope,  in  that  he  failed  to  recognize 
land  continuity  between  continents  for  much  of  the  Mesozoic 
and  the  significance  of  the  incomplete  fossil  record  on  the 
different  continental  masses,  as  well  as  the  absence  of  certain 
dinosaurian  families  at  the  continental  level.  In  addition,  he 
failed  to  address  the  validity  and/or  the  polyphyletic  nature 
of  many  of  the  dinosaurian  families  discussed. 

The  purpose  of  this  paper  is  to  reassess  the  data  for  reptilian 
diversity  across  the  K-T  boundary.  This  reassessment  is 
largely  twofold.  First,  I will  address  the  taxonomic  diversity 
of  Late  Cretaceous  (late  Senonian)  reptiles  (based  upon  valid 
species  in  the  fossil  record)  rather  than  simply  relying  on 
duration  and  extinction  of  higher  taxonomic  categories,  such 
as  families.  Second,  I will  document,  where  necessary,  the 
highest  stratigraphic  in  situ  occurrences  of  each  taxon,  as  far 
as  it  can  be  assessed,  and  will  treat  this  as  the  last  occurrence. 
1 will  attempt  to  list  all  the  valid  late  Senonian  reptilian  taxa 
(Santonian-Maastrichtian).  However,  any  omission  of  a 
species  or  taxon,  may  be  the  result  of  either  a)  synonymy;  b) 
not  having  been  recognized  by  me  as  being  valid  (e.g.,  nomen 
dubium);  or  c)  an  oversight  on  my  part.  To  this  end,  I hope 
that  this  study  will  provide  a more  accurate  assessment  of 
reptilian  taxa  and  their  biostratigraphic  position  than  has 
been  previously  suggested  by  Russell  (1975,  1982d,  1984). 

For  comparative  purposes  only,  I present  the  durations  of 
valid  reptilian  taxa  in  Table  1 so  that  comparisons  can  be 
made  with  the  diagrams  of  Russell  (1975,  1982d).  It  should 
be  noted  that  the  durations  of  dinosaurian  families  say  noth- 
ing regarding  the  taxonomic  diversity,  nor  does  my  chart 
indicate  change  in  relative  abundance  of  species  through  time. 
The  number  of  reptilian  species  within  a particular  taxon  is 
discussed  in  detail  below.  A few  of  the  previously  recognized 
dinosaurian  and  other  reptilian  families  are  monotypic  and 
are  treated  at  the  species  level.  As  Gauthier  (1986)  correctly 
pointed  out,  higher  taxonomic  categories  established  for  one 
species  are  redundant  and  offer  no  additional  information. 
Polyphyletic  families  are  indicated  by  shutter  quotes  because 
they  represent  unnatural  groupings.  Other  families,  which 
are  no  longer  considered  valid,  are  also  indicated  by  shutter 
quotes  and  are  clearly  identified.  Taxa  known  solely  from 
teeth  (hereafter  “tooth  taxon”  or  “tooth  taxa”)  are  for  the 
most  part  invalid,  because  phylogenetic  relationships  cannot 
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always  be  assessed.  While  it  is  apparent  that  a few  families 
do  become  extinct  near  or  at  the  K-T  boundary  based  on 
the  extinction  of  a last  surviving  taxon,  many  families  appear 


to  drop  out  before,  while  others  continue  on  through  (Table 
1). 


BIOSTRATIGRAPHY  AND  AGE  CORRELATIONS 


Of  paramount  importance  when  considering  Late  Cretaceous 
reptilian  diversity,  in  addition  to  taxonomic  considerations 
just  discussed,  is  the  documentation  of  precise  stratigraphic 
horizon(s)  in  which  individual  species  are  known  to  occur. 
There  has  been  little  agreement  among  paleontologists  and 
biostratigraphers  as  to  the  correlation  of  many  Late  Creta- 
ceous and  Tertiary  stratigraphic  units,  at  both  an  intra-  and 
intercontinental  level,  owing  to  the  lack  of  intertonguing  ter- 
restrial/marine rocks  and  lack  of  global  index  fossils.  It  is, 
however,  necessary  to  correlate  Late  Cretaceous  terrestrial 
sequences  to  the  Late  Cretaceous  marine  standard,  so  that 
accurate  relative  age  dating  can  be  achieved.  Many  workers 
have  suggested  correlations  for  Late  Cretaceous  terrestrial 
“dinosaur-bearing”  sediments  to  the  marine  standard;  among 
the  more  important  contributions  are  those  of  L.  Russell 
(1964,  1975),  Russell  and  Chamney  (1967),  Kielan-Jawo- 
rowska  (1974),  Gradzihski  et  al.  (1977),  Fox  (1978),  Russell 
and  Singh  (1978),  Lerbekmo  et  al.  (1979a,  1979b),  Russell 
(1979,  1982a,  1982c,  1982d),KarczewskaandZiembinska- 
Tworzydlo  (1983),  Lillegraven  and  McKenna  (1986),  Fassett 
(1987),  Fassett  et  al.  (1987),  Lucas  et  al.  (1987),  and  Newman 
(1987).  All  of  these  workers  present  differing  correlations, 
bom  of  conflicting  data. 

Not  only  is  accurate  correlation  between  Late  Cretaceous 
marine  and  terrestrial  units  necessary  to  recognize  precise 
relative  ages  for  these  strata  that  involve  a K-T  boundary 
“mass  extinction”  event,  but  the  recognition  and  correlation 
of  the  K-T  boundary  is  desirable  also.  However,  because 
different  criteria  have  been  used  in  the  definition  of  the  K-T 
boundary  (iridium  anomaly,  pollen  changes,  foraminifera, 
and  the  highest  stratigraphic  occurrence  of  the  last  “dino- 
saur”), and  because  these  criteria  have  not  been  conclusively 
demonstrated  to  be  isochronous,  discussions  of  mass  ex- 
tinction are  often  circular  in  reasoning.  Stratigraphers  and 
paleontologists  have  yet  to  reach  a consensus  as  to  what 
criterion  defines  the  Cretaceous-Tertiary  boundary.  Berry’s 
(1984)  suggestion  to  use  the  distinctive  clay  (iridium  anom- 
aly) as  the  standard  K-T  boundary  because  it  marks  “one  of 
the  most  abrupt  set  of  extinctions  among  both  marine  and 
terrestrial  organisms  in  the  record  of  life”  (Berry,  1984:152) 
is  seriously  flawed  because  it  is  not  supported  by  either  taxo- 
nomic or  biostratigraphic  evidence. 

The  diachronous  nature  of  the  K-T  boundary  seems  al- 
most certain.  This  fact  has  been  illustrated  by  Fassett  (1982) 
in  the  San  Juan  Basin,  where  dinosaur  remains  lie  above  the 
K-T  boundary  as  defined  by  the  pollen  “spike,”  which  is 
supposedly  coincident  with  the  iridium  anomaly  that  defines 
the  K-T  boundary  for  some  workers.  A similar  situation  is 


currently  being  studied  in  the  Bug  Creek  area  of  Montana  by 
Sloan  et  al.  (1986).  Accepting  the  iridium  anomaly  as  the 
K-T  boundary,  their  interpretation  of  the  stratigraphic  se- 
quence and  the  occurrence  of  dinosaur  fossils  suggest  that 
the  supposed  asteroid  impact  occurred  well  before  the  mass 
extinction  event,  and  that  dinosaurs  gradually  became  extinct 
during  the  Paleocene.  These  studies  demonstrate  the  dia- 
chronous nature  of  the  K-T  boundary  owing  to  different  sets 
of  criteria. 

For  this  paper,  I am  not  particularly  concerned  about  where 
one  draws  the  K-T  boundary,  as  it  is  largely  irrelevant  for 
present  purposes.  Biostratigraphic  data  for  taxa  discussed 
below  are  derived  from  many  sources  (Table  2),  some  from 
the  original  workers  as  well  as  from  correlations  provided 
by  McGookey  et  al.  ( 1972)  and  Fox  ( 1978)  which  are  viewed 
as  the  most  consistent  and  middle-of-the-road,  compared  to 
the  more  radical  correlations  presented  by  Karczewska  and 
Ziembinska-Tworzydlo  (1983)  and  Lillegraven  and  Mc- 
Kenna ( 1 986).  Absolute  dates  for  the  Late  Cretaceous  marine 
stages  and  the  Tertiary  are  continually  being  refined.  Kent 
and  Gradstein  (1985)  and  Berggren  et  al.  ( 1985)  have  revised 
Harland  et  al.’s  (1982)  geochronology  for  the  Jurassic,  Cre- 
taceous, and  Cenozoic,  respectively,  which  is  accepted  here. 

In  an  attempt  to  reduce  the  repetitiveness  in  citing  marine 
ages  for  the  more  common  formations  or  principal  dinosaur- 
bearing units,  the  reader  is  referred  to  Table  2 for  the  marine 
standard  correlatives  and  magnetic  polarity  zones. 

It  is  common  knowledge  that  the  fossil  record  is  not  com- 
plete and  that  vertebrate  faunas  are  not  continuous  through- 
out the  entire  vertical  extent  of  a particular  formation  (e.g.. 
Hell  Creek,  Lance,  Nacimiento  formations,  etc.)  but  typically 
occur  as  restricted  fossil-bearing  horizons,  or  intervals,  with- 
in strata.  Terms,  such  as  “Lancian,”  can  only  be  applied  to 
the  fauna  and  not  to  strata  in  which  the  fauna  occurs.  Un- 
fortunately, these  terms  are  often  misused,  and  are  applied 
to  unfossiliferous  strata  above  and  below  the  characteristic 
fauna  (e.g.,  see  examples  in  Lillegraven  and  McKenna,  1986: 
4 1 , table  1 0).  The  relative  age  of  these  barren  intervals  cannot 
be  determined  with  any  level  of  confidence.  Because  of  this 
fact,  I choose  to  abandon  the  age  concept  North  American 
Land  Mammal  “ages”  (“NALMAs”)  in  my  chart  (Table  1), 
a convention  that  has  been  employed  by  most  North  Amer- 
ican vertebrate  paleontologists,  that  supposedly  covers  all  of 
Cenozoic  and  now  Late  Cretaceous  time  (Wood  et  al.,  1941; 
Savage,  1962;  Tedford,  1970;  Lillegraven  and  McKenna, 
1986).  North  American  Land  Mammal  “ages”  as  they  are 
currently  used,  do  not  provide  any  greater  time  resolution 
than  do  formally  recognized  standard  ages. 
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ELASMOSAURIDAE 


Table  2.  Marine  ages  for  some  important  Late  Cretaceous  and  Early  Tertiary  continental  deposits. 


Formation 

Age  (marine  standard) 

Source(s) 

North  America 

Denver 

late  Maastrichtian-early  Paleocene 

McGookey  et  al.,  1972 

“El  Gallo” 

middle-late  Campanian 

Morris,  1974 

Fox  Hills 

early-middle  Maastrichtian 

McGookey  et  al.,  1972 

Frenchman 

late  Maastrichtian 

Fox,  1978 

Fruitland 

middle-late  Campanian 

Fassett,  1987;  Newman,  1987 

“Green  Sands”  (N.J.) 

early  Maastrichtian 

Levin,  1983;  Kent  et  al.,  1985,  in  part 

Hell  Creek  (upper  beds) 

late  Maastrichtian 

McGookey  et  al.,  1972 

Horseshoe  Canyon  (=lower  Edmonton) 

late  Campanian-early  Maastrichtian  Edmonton 

Fox,  1978 

.lavelina 

?late  Maastrichtian 

Mateer,  1981 

Judith  River 

middle  Campanian 

McGookey  et  al.,  1972;  Fox,  1978 

Kaiparowits 

?late  Campanian-early  Maastrichtian 

Eaton,  pers.  comm.,  1986 

Kirtland 

late  Campanian-early  Maastrichtian 

Fassett,  1978;  Newman,  1987 

Laramie  (upper  beds) 

late  Maastrichtian 

McGookey  et  al.,  1972 

Marshalltown/Merchant  ville/Woodbury 

middle-late  Campanian 

Levin,  1983;  Kent  et  al.,  1985,  in  part 

“Mesaverde” 

middle  Campanian 

McGookey  et  al.,  1972 

Milk  River  (upper  beds) 

early  Campanian 

Fox,  1978 

Moreno 

middle-late  Maastrichtian 

Popenoe  et  al.,  1960 

Nacimiento 

early  Paleocene 

Baltz,  1967 

Niobrara  (upper  beds) 

early  Campanian 

McGookey  et  al.,  1972 

North  Horn  (lower  beds) 

late  Campanian-early  Maastrichtian 

McGookey  et  al.,  1972 

Ojo  Alamo  Sandstone 

?early  Paleocene 

Fassett  et  ah,  1987 

Oldman  (=uppcr  Belly  River) 

middle  Campanian 

McGookey  et  ah,  1972 

St.  Mary  River 

late  Campanian-early  Maastrichtian 

McGookey  et  ah,  1972;  Fox,  1978 

Scollard  (=upper  Edmonton) 

late  Maastrichtian 

Fox,  1978 

Tullock 

late  Maastrichtian-Danian  (early  Paleocene) 

McGookey  et  ah,  1972 

Two  Medicine 

early-middle  Campanian 

McGookey  et  ah,  1972;  Homer  and 

Makela,  1979 

Asia 

Barun  Goyot 

middle-late  Campanian 

Fox,  1978 

Bayn  Shireh 

late  Cenomanian-early  Santonian 

Barsbold  and  Perle,  1980 

Boro  Khouil  beds 

?early  Campanian 

Fox,  1978 

Djadokhta  (Bayn  Dzak) 

middle  Campanian 

Fox,  1978 

Khermeen  Tsav  (red  beds  I and  11) 

middle  Campanian 

Fox,  1978 

Nemegt 

late  Campanian 

Fox,  1978 

Nogon  Tsav 

?middle  Campanian 

Kurzanov,  1976a 

Subash 

Maastrichtian 

Dong,  1977 

South  America 

Baurii 

early  Maastrichtian 

Steel,  1973 

Lecho 

late  Campanian  or  early  Maastrichtian 

Bonaparte  and  Powell,  1980 

San  Jorge 

?late  Maastrichtian 

Brett-Surman,  1979 

In  practice  “NALMAs”  are  biochronologic  units  without 
corresponding  chronostratigraphic  units  (time  stratigraphic) 
units,  and  should  be  referred  to  as  “intervals”  or  North 
American  Land  Mammal  Intervals  (NALVIs).  NALVIs  are 
informal  units,  which  are  near  equivalents  to  the  Oppel-zone 
and  assemblage  zones  recognized  by  the  International  Sub- 


commission on  Stratigraphic  Classification  (1976:50,  57). 
These  vertebrate-bearing  horizons,  which  are  largely  based 
on  discontinuous  local  faunas,  do  not,  and  cannot,  cover  all 
of  Cenozoic  and  Late  Cretaceous  time,  contrary  to  the  opin- 
ions of  Wood  et  al.  (1941)  and  Lillegraven  and  McKenna 
(1986).  NALVIs  are  definable  by  an  aggregate  of  fossil  taxa, 
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whose  intervals  of  time  vary  in  duration,  as  expressed  solely 
by  the  physical  extent  of  the  interval  fauna  in  a particular 
stratigraphic  sequence.  Because  many  formations  are  known 
to  be  time-transgressive,  only  that  part  of  the  stratigraphic 


unit  that  bears  the  interval  fauna,  can  be  assigned  a relative 
“age.”  Formal  age  assignment  of  these  intervals  is  made  to 
the  standard  ages  which  are  recognized  by  most  biostratig- 
raphers  and  paleontologists. 


REVIEW  OF  THE  CRETACEOUS-TERTIARY  BOUNDARY  REPTILIAN  TAXA 


CHELONIA  (TESTUDINES) 

Chelonia  is  probably  the  most  poorly  studied  reptilian  group, 
at  least  at  the  generic,  species,  and  subspecies  level,  that 
encounters  the  K-T  boundary.  The  number  of  valid  species 
and  the  diversity  among  the  different  families  of  chelonians 
are  not  precisely  known  owing  to  the  fact  that  these  reptiles 
have  not  received  much  attention  because  of  problems  in 
carapace/plastron-skull  associations  and  intraspecific  cara- 
pace/plastron variations.  Recent  studies  by  Hutchison  and 
Archibald  ( 1 984,  1 986)  demonstrate  that  of  the  large  number 
of  turtle  genera  and  subgenera  in  the  Hell  Creek  and  Tullock 
formations  (late  Maastrichtian-earliest  Paleocene)  of  Mon- 
tana, nearly  three-fourths  of  the  taxa  cross  the  Cretaceous- 
Tertiary  boundary.  For  this  study  I follow  the  classification 
of  Gaffney  (1975)  for  the  families  of  turtles. 

BAENIDAE.  The  family  Baenidae  is  represented  by  a 
number  of  taxa  that  span  the  K-T  boundary  only  to  become 
extinct  by  late  Eocene  time  (Gaffney,  1972).  The  baenid  Pal- 
atobaena  bairdi  has  been  reported  from  the  Late  Cretaceous 
(late  Maastrichtian)  of  Montana,  from  the  earliest  Paleocene 
of  Colorado  and  New  Mexico,  late-early  Paleocene  of  Mon- 
tana, and  the  early  Eocene  of  Wyoming  (Archibald  and 
Hutchison,  1979;  Gaffney,  1972;  Sullivan  and  Lucas,  1986). 
Compsemys  victa  is  known  solely  from  shells  from  the  Late 
Cretaceous  (Maastrichtian)  through  late-early  Paleocene 
(Gaffney,  1972).  Neurankylus  cf  N.  eximiiis  is  known  from 
both  Late  Cretaceous  and  early  Paleocene  deposits  of  Mon- 
tana and  New  Mexico  (Hutchison  and  Archibald,  1 986;  Sul- 
livan and  Lucas,  1986;  Sullivan  et  ah,  unpublished  manu- 
script). Plesiobaena  is  known  by  two  species  and  the  genus 
ranges  from  the  Late  Cretaceous  (Maastrichtian)  through  the 
early  Paleocene.  The  stratigraphic  ranges  of  other  baenid 
species  through  the  K-T  transition  are  not  known  with  cer- 
tainty. 

CHELONIIDAE.  The  sea  turtle  family  Cheloniidae  first 
appears  in  the  Late  Jurassic  and  ranges  to  the  Recent  (Mfy- 
narski,  1976).  Numerous  genera  have  been  named  (Zangerl, 
1980,  recognizes  some  16  “better  known”  genera  and  20 
species)  all  of  which  have  limited  stratigraphic  occurrences 
on  both  sides  of  the  K-T  boundary.  While  it  appears  that 
the  species  have  changed,  the  taxonomic  diversity  of  species 
has  remained  relatively  constant  through  much  of  Late  Me- 
sozoic and  Cenozoic  time. 

DERMATEMYDIDAE.  Dermatemydids  first  appear  in 
the  Cretaceous  (Gaffney,  1975),  although  an  occurrence  of 
the  species  Tretosternon  bakewelli,  from  the  Purbeck  and 
Wealden  beds  suggests  a Late  Jurassic  origin  for  this  family 
(Mlynarski,  1976).  The  genus  Adocus  is  known  from  strata 


of  Late  Cretaceous  (Maastrichtian)  through  middle  Eocene 
of  North  America.  The  species  diversity  of  Adocus  is  not 
known  and  the  genus  is  in  need  of  revision  (Sullivan  and 
Lucas,  1 986).  Other  dermatemydids  such  as  Basilemys,  need 
to  be  re-evaluated  with  respect  to  their  specific  taxonomy. 
The  Recent  dermatemydids  are  represented  by  the  genus 
Dennatemys. 

EMYDIDAE.  Contrary  to  Russell’s  (1975,  1982d)  dia- 
grams, there  is  no  documented  occurrence  of  a member  of 
the  turtle  family  Emydidae  prior  to  Paleocene  time  (Gaffney, 
1975;  Mlynarski,  1976).  This  family  is  restricted  to  the  Ce- 
nozoic and  is  not  considered  further. 

PELOMEDUSIDAE.  Two  pelomedusid  genera,  Podo- 
cneniis  and  Taphrosphys,  cross  the  Cretaceous-Tertiary 
boundary.  Podocnemis  has  a wide  geographic  range  (South 
America,  Africa  [and  Madagascar?],  Europe,  and  Asia)  sug- 
gesting that  antiquity  of  this  genus  extends  back  to  earlier 
Mesozoic  time.  Podocnemis  is  known  only  by  six  species 
(Mlynarski,  1976).  Taphrosphys  sulcatus  is  a cosmopolitan 
pelomedusid  species  that  is  known  from  the  Late  Cretaceous 
through  Miocene  of  North  and  South  America,  and  from  the 
Eocene  through  Miocene  of  Africa.  Other  genera  of  pelo- 
medusids  occur  in  the  middle  and  upper  Tertiary  strata  of 
the  Old  World  and  range  to  the  Recent  (Mlynarski,  1976). 

PROTOSTEGIDAE.  The  extinct  family  Protostegidae  in- 
cludes five  genera  of  Campanian  marine  turtles  {Archelon, 
Calcarichelys,  Chelosphargis,  Protostega.  and  Rhinochelys), 
which  are  in  turn  represented  by  nine  species.  The  youngest 
occurrence  of  any  of  these  taxa  is  from  late  Campanian  strata 
(Zangerl,  1953a).  The  family  Protostegidae,  as  correctly  pre- 
sented by  Russell  (1975,  1982d),  became  extinct  prior  to  the 
Maastrichtian  and  hence  the  K-T  boundary. 

TOXOCHELYIDAE.  The  sea  turtles  belonging  to  the  fam- 
ily Toxochelyidae  are  known  from  strata  of  Early  Cretaceous 
(Coniacian)  age  and  successfully  cross  the  K-T  boundary 
where  their  last  recorded  occurrence  is  in  strata  of  Eocene 
age  (Zangerl,  1953b,  1980).  Zangerl  (1980)  recognized  11 
genera  and  23  species  distributed  among  three  subfamilies, 
one  of  which  (the  Lophochelyinae)  is  restricted  to  the  Late 
Cretaceous,  and  experienced  major  reduction  in  species  prior 
to  the  late  Maastrichtian.  The  subfamily  Toxochelyinae  is 
known  by  Toxochelys  latiremis  and  Porthochelys  laticeps  (late 
Coniacian);  Toxochelys  moorevillensis  and  Thiochelys  la- 
pi  ssossea  (early  Campanian)-,  Toxochelys  barberi  and  T.  browni 
(late  Campanian);  and  T.  weeksi  (early  Maastrichtian).  The 
species  Dollochelys  atlantica  and  D.  casieri  are  from  the  late 
Maastrichtian  and  early  Eocene,  respectively.  The  subfamily 
Lophochelyinae  is  known  by  five  late  Campanian  species: 
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Lophochelys  niobrarae,  L.  natatrix,  Ctenochelys  stenopora, 
C.  procax,  and  Prionoclielys  galeotergum;  four  early  Cam- 
panian species:  Lophochelys  venatrix,  Ctenochelys  tenuitesta, 
C.  acris,  and  Prionoclielys  matutina:  the  species  P.  nauta  is 
from  late  Campanian  strata  (Marlbrook  Marl  of  Arkansas) 
and  Pertresius  ornatus  is  known  with  certainty  from  middle 
and  late  Maastrichtian  strata  with  a probable  occurrence  in 
the  early  Maastrichtian.  The  validity  of  these  Late  Cretaceous 
species  is  not  clear.  The  subfamily  Osteopyginae  consists  of 
three  taxa:  Osteopygis  emarginatiis  from  the  middle  and  late 
Maastrichtian,  Erqiielinnesia  grosselti  from  the  early  Eocene, 
and  Glossochelys  planimenta  from  the  middle  Eocene  Lon- 
don Clay  (Zangerl,  1980). 

TRIONYCHIDAE.  Trionyx,  known  from  numerous  fossil 
“species”  (many  of  which  are  certainly  not  valid)  that  range 
from  the  Late  Jurassic  to  Recent  time  (Mlynarski,  1 976).  The 
taxonomic  diversity  of  this  genus  cannot  be  assessed  pending 
revision  of  this  taxon.  Trionyx,  including  here  Aspideretes, 
Ainyda.  and  Platypeltis,  crosses  the  K-T  boundary. 

EOSUCHIA 

CHAMPSOSALIRIDAE.  The  family  Champsosauridae 
consists  of  only  two  genera,  the  North  American  genus 
Champsosaunis,  which  crosses  the  K-T  boundary,  spanning 
the  middle  Campanian-early  late  Paleocene  and  Simoedo- 
saurns  known  from  the  early  Paleogene  of  Europe  and  North 
America  (Sigogneau-Russell,  1975;  Sigogneau-Russell  and 
Baird,  1978).  Six  species  of  Champsosaunis  are  currently 
recognized  (Erickson,  1972,  1981)  only  one  of  which  (C. 
laramiensis)  occurs  in  strata  on  both  sides  of  the  K-T  bound- 
ary. All  other  Champsosaunis  species  have  restricted  strati- 
graphic occurrences  above  and  below  the  K-T  boundary 
(Erickson,  1972,  1981;  Bryant,  pers.  comm.,  1985). 

LACERTILIA 

Our  knowledge  of  the  terrestrial  lizard  families  and  their 
stratigraphic  distribution  has  been  revised  significantly  since 
Russell’s  (1975,  1982d)  reviews  of  reptilian  taxonomic  di- 
versity, principally  by  the  works  of  Estes  ( 1983a,  1983b)  and 
a subsequent  paper  by  Borsuk-Bialynicka  (1984).  Of  the  ten 
lizard  families  listed  by  Russell  (1975,  1982d)  only  six  are 
consistent  with  recent  interpretations  by  Estes  (1983a,  1983b) 
and  three  additional  taxa,  two  of  them  new,  have  been  re- 
cently reported  to  be  of  Late  Cretaceous  age  (Borsuk-Bialy- 
nicka, 1984).  The  lizard  family  Xantusiidae,  contrary  to  the 
diagrams  presented  by  Russell  (1975,  1982d),  is  not  known 
from  strata  earlier  than  late-early  Paleocene  (Estes,  1983b; 
Sullivan,  1982)  and  is  first  indicated  by  the  species  Palaeo- 
xantiisia  fera.  Owing  to  the  fact  that  xantusiids  are  not  known 
from  Upper  Cretaceous  deposits,  this  family  does  not  con- 
cern us  here.  In  addition,  the  family  “Amphisbaenidae”  list- 
ed by  Russell  (1975,  1982d)  is  treated  here  in  its  own  section 
Amphisbaenia  (below). 

AGAMIDAE.  Mimeosaiirus  crassus  was  the  first  fossil 
agamid  lizard  reported  from  Bayn  Dzak  locality,  Djadokhta 
Formation,  Mongolian  People’s  Republic  (Gilmore,  1943; 


Estes,  1 983b).  Borsuk-Bialynicka  and  Moody  ( 1 984)  recently 
named  two  additional  agamids,  Priscagama  gobiensis  and 
Pleurodontagama  aenigmatodes  from  the  Djadokhta  For- 
mation and  the  red  beds  of  Khermeen  Tsav,  Mongolian  Peo- 
ple’s Republic.  The  family  Agamidae  is  known  by  a few 
Eocene  genera  and  by  extant  taxa  (Estes,  1983b).  The  group 
ranges  from  the  middle  Campanian  to  Recent  and  success- 
fully crossed  the  Cretaceous-Tertiary  boundary. 

ANGUIDAE.  The  Anguidae  has  left  the  best  fossil  record 
of  any  terrestrial  lizard  family,  being  well  represented  in  rocks 
of  late  Paleocene-late  Oligocene  age,  principally  by  the 
subfamily  Glyptosaurinae  (Sullivan,  1979;  Gauthier,  1982; 
Estes,  1983b).  The  oldest  known  anguid  lizard  is  Odaxosau- 
riis  piger  from  the  middle  Campanian  “Mesaverde,”  Fruit- 
land  and  Judith  River  formations  (Estes,  1 983b).  The  earliest 
“anguine”  Machaerosaurus  torrejonensis  occurs  in  the  late- 
early  Paleocene  of  New  Mexico  and  Wyoming  (Estes,  1 983b; 
Gilmore,  1928;  Sullivan,  1981,  1982).  Apodosauriscus  mi- 
niitiis  from  the  early  Eocene  of  Wyoming  is  the  earliest  mem- 
ber of  the  subfamily  Anniellinae  (Gauthier,  1982).  Contrary 
to  what  has  been  previously  thought,  new  data  presented  by 
Good  (in  press)  demonstrate  that  the  subfamily  Gerrhono- 
tinae  originated  late  in  Tertiary  time,  not  in  the  Late  Cre- 
taceous as  reported  by  Estes  ( 1 964)  and  Armstrong-Ziegler 
(1980).  The  earliest  diploglossine  was  recently  reported  by 
Gauthier  (1982)  from  the  early  Eocene  of  Wyoming.  Suffice 
it  to  say  that  the  Anguidae  crossed  the  K-T  boundary,  began 
to  diversify  in  the  early  Paleogene,  and  is  today  represented 
by  all  the  aforementioned  subfamilies,  save  the  Glyptosau- 
rinae, which  became  extinct  at  the  end  of  the  Oligocene  epoch 
(Sullivan,  1979). 

Bainguis  parvus.  Borsuk-Bialynicka  ( 1 984)  established  the 
monotypic  lizard  family  “Bainguidae”  for  the  species  Bain- 
guis parvus  from  the  Barun  Goyot  Formation,  Mongolian 
People’s  Republic.  Since  this  family  is  based  on  a monotypic 
taxon,  the  family  rank  is  redundant  and  unnecessary.  The 
range  of  B.  parvus  is  restricted  to  the  middle  Campanian  and 
cannot  be  commented  on  further. 

HELODERMATIDAE.  The  lizard  family  Helodermati- 
dae  has  a poor  fossil  record.  The  earliest  definite  heloder- 
matid  is  from  the  late  Paleocene  of  North  America  with  the 
occurrence  of  cf.  Eurheloderma  (Pregill  et  ak,  1986).  Para- 
derma  bogerti  is  a problematic  helodermatid,  and  the  range 
of  the  Helodermatidae  probably  extends  into  the  late  Maas- 
trichtian Lance  Formation  (Estes,  1 983b;  Pregill  et  al.,  1 986). 
Helodermatid  lizards  are  known  to  include  six  taxa,  two  of 
which  are  extant  species. 

IGUANIDAE.  Iguanid  lizards  first  appear  in  the  early 
Maastrichtian  Bauru  Formation,  Brazil,  being  represented 
by  the  species  Pristiguana  brasiliensis  (Estes  and  Price,  1973; 
Estes,  1983b).  In  North  America,  the  earliest  recorded  oc- 
currence for  the  family  Iguanidae  is  possibly  Swainigua- 
noides  milleri  from  the  late-early  Paleocene  “Fort  Union 
Formation”  (Sullivan,  1982)  and  the  early  Eocene  San  Jose 
Formation  (Sullivan  and  Lucas,  in  press).  The  Iguanidae 
ranges  from  the  early  Maastrichtian  to  the  present,  and  is 
represented  by  numerous  extant  taxa. 

LANTHANOTIDAE.  Borsuk-Bialynicka  (1984)  recently 
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extended  the  range  of  the  lizard  family  Lanthanotidae  back 
to  the  middle  Campanian  based  on  the  occurrence  of  the 
lizard  Cherminotus  longifrons  from  the  Barun  Goyot  For- 
mation, Mongolian  People’s  Republic. 

MOSASAURIDAE.  Only  one  family  of  aquatic  vara- 
noids,  the  Mosasauridae,  survived  into  the  Late  Cretaceous, 
the  Aigialosauridae  and  Dolichosauridae  having  become  ex- 
tinct by  Turonian  time  (Russell,  1967).  The  Mosasauridae 
is  known  to  range  only  up  to  the  early  Maastrichtian.  A 
problematic  occurrence  of  a mosasaur  tooth  identified  by 
Gilmore  from  the  early-middle  Maastrichtian  Fox  Hills 
Sandstone  is  probably  reworked  from  the  underlying  Pierre 
Shale  (Leonard,  1912).  Russell  (1975)  reported  late  Maas- 
trichtian mosasaurs  from  Belgium,  however  re-evaluation  of 
the  chronostratigraphic  position  of  these  Late  Cretaceous 
units  demonstrates  that  the  upper  part  of  the  Maastrichtian 
is  not  present,  strongly  suggesting  that  the  mosasaurs  are 
older  (Robaszynski,  1979).  Mosasaur  occurrences  have  been 
reported  from  the  Late  Cretaceous  units  in  eastern  North 
America,  but  these  strata  are  believed  to  be  pre-late  Maas- 
trichtian in  age  (Levin,  1983). 

NECROSAURIDAE.  The  “Parasaniwidae”  listed  by  Rus- 
sell (1975,  1982d)  is  presently  recognized  as  a subfamily 
within  the  lizard  family  Necrosauridae  (not  listed  by  Russell, 
1975,  1982d)  (Estes,  1983b).  The  oldest  member  of  the 
subfamily  Parasaniwinae  is  Parasaniwa  wyoniingensis  from 
the  late  Maastrichtian  Lance  and  Hell  Creek  formations  of 
Wyoming  and  Montana  (Estes,  1983b).  Hecht  (1959)  and 
McKenna  ( 1 960)  both  reported  Parasaniwa  sp.  from  the  ear- 
ly Eocene  of  western  North  America.  However,  Estes  ( 1 983b) 
indicated  that  the  specimens  upon  which  this  lizard  occur- 
rence is  based  may  represent  another  taxon.  It  is  unclear  as 
to  whether  or  not  Parasaniwa  ranged  into  the  early  Eocene 
of  North  America.  Regardless,  the  Necrosauridae  is  known 
from  the  late  Maastrichtian  through  late  Eocene,  at  which 
time  this  family  became  extinct. 

Paravaranus  angustifrons.  Another  monotypic  lizard  fam- 
ily “Paravaranidae”  was  established  by  Borsuk- BiaJynicka 
(1984)  for  the  species  Paravaranus  angustifrons  from  the 
Barun  Goyot  Formation,  Mongolian  People’s  Republic.  As 
with  “Bainiguidae”  (above),  family  rank  is  unwarranted,  be- 
cause the  taxon  is  monotypic.  The  stratigraphic  range  of  P. 
angustifrons  is  restricted  to  the  middle  Campanian. 

SCINCIDAE.  Contogenys  sloani  from  the  late  Maastrich- 
tian and  late-early  Paleocene  of  North  America  (Estes,  1983b) 
traversed  the  K-T  boundary  unaffected  and  is  the  first  species 
to  represent  the  family  Scincidae.  The  Scincidae  is  a diverse 
lizard  family  that  proliferated  in  the  Tertiary  and  is  known 
by  many  Recent  taxa  (Estes,  1983b).  Contrary  to  Russell 
(1975,  1982d),  scincids  are  not  known  from  Campanian  age 
sediments. 

TEIIDAE.  The  “Polyglyphanodontidae”  listed  by  Russell 
(1975,  1982d)  is  currently  recognized  as  a subfamily  (Poly- 
glyphanodontinae)  within  the  lizard  family  Teiidae  (Estes, 
1983b)  and  is  first  represented  by  the  species  Adamisaurus 
magnidentatus  from  the  middle  Campanian  Barun  Goyot 
Formation,  Djadokhta  Formation,  and  from  the  red  beds  of 
Khermeen  Tsav,  Mongolian  People’s  Republic.  Four  addi- 


tional teiid  genera  (Cherminsaurus,  Darchansaiirus,  Erde- 
netesaurus,  Macrocephalosaurus)  belonging  to  the  Polygly- 
phanodontinae,  totaling  seven  species,  are  all  from  middle 
Campanian  strata  from  the  Mongolian  People’s  Republic 
(Estes,  1983b).  In  North  America,  the  polyglyphanodontines 
are  represented  by  four  species:  Haptosphenus placodon  from 
the  Lance  and  Hell  Creek  formations  of  Wyoming  and 
Montana,  respectively;  Paraglyphanodon  utahensis,  and  P. 
gazini  from  the  North  Horn  Formation  of  Utah,  and  Polygly- 
phanodon  sternbergii  from  the  North  Horn  Formation  and 
from  the  “El  Gallo  Formation,’’  Baja  California  (Estes,  1983b). 
The  earliest  teiine  from  North  America  is  Leptochamops 
denticulatus  from  the  middle  Campanian  Fruitland  For- 
mation, New  Mexico  (Estes,  1983b).  The  other  taxon,  also 
known  from  the  Fruitland  Formation,  is  Chamops  segnis 
(Estes,  1983b;  Sullivan,  1981).  The  family  Teiidae  is  well 
established  in  both  Asia  and  North  America  prior  to  the 
Cretaceous-Tertiary  transition.  While  the  polyglyphanodon- 
tines of  the  Late  Cretaceous  do  not  extend  beyond  the  K-T 
boundary,  their  highest  stratigraphic  occurrence  is  in  the  North 
Horn  Formation  (late  Campanian-early  Maastrichtian).  The 
family  Teiidae,  represented  by  species  within  the  subfamily 
Teiinae,  continued  to  proliferate  during  the  Cenozoic  in  South 
America  (Estes,  1983b). 

VARANIDAE.  The  Varanidae  is  first  represented  by  the 
occurrence  of  Palaeosaniwa  canadensis  from  the  Oldman 
Formation,  Alberta,  Canada.  Occurrences  of  P.  canadensis 
and  cf  P.  canadensis  from  the  late  Maastrichtian  and  late- 
early  Paleocene,  respectively  (Estes,  1983b;  Sullivan,  1982) 
suggest  that  this  species  traversed  the  K-T  boundary.  The 
family  Varanidae  is  known  by  many  extant  species. 

XENOSAURIDAE.  Exostinus  lancensis  has  been  report- 
ed from  the  late  Maastrichtian  Lance  and  Hell  Creek  for- 
mations and  the  “Fort  Union  Formation,”  late-early  Paleo- 
cene of  western  North  America  (Estes,  1964,  1983b;  Gilmore, 
1928;  Sullivan,  1982),  thus  successfully  crossing  the  K-T 
boundary.  Again,  Russell  (1975,  1982d)  indicated  an  earlier 
(Campanian)  occurrence  for  the  Xenosauridae  which  is  not 
supported  by  published  accounts.  The  Xenosauridae  extends 
to  the  Recent  and  is  known  by  species  of  Xenosaurus  and 
Shinisaurus  (EsXes,  1983b). 


AMPHISBAENIA 

Russell  (1975,  1982d)  listed  the  order  Amphisbaenia  as  a 
family  (Amphisbaenidae)  within  the  lizards.  I follow  Estes 
(1983b)  recognizing  this  group  at  the  ordinal  level.  Regard- 
less, Russell  (1975,  1982d)  diagrammed  the  amphisbaenians 
as  being  basal  Paleocene  in  occurrence.  No  amphisbaenians 
are  known  from  the  earliest  Paleocene.  The  oldest  amphis- 
baenian  is  Plesiorhineura  tsentasi,  a member  of  the  amphis- 
baenian  family  Rhineuridae,  that  was  recently  reported  from 
the  late-early  Paleocene  of  New  Mexico  (Sullivan,  1985). 
Since  Plesiorhineura  first  appears  in  post-Cretaceous  strata 
it  has  little  relevance  with  respect  to  the  K-T  boundary, 
although  it  is  quite  feasible  that  the  family  Rhineuridae  orig- 
inated in  Late  Cretaceous  or  earliest  Paleocene  time. 
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SERPENTES 

ANILIIDAE.  Snakes  are  rare  in  the  fossil  record  and  are 
known  principally  from  disarticulated  vertebrae.  Neverthe- 
less, snakes  have  been  reported  in  Late  Cretaceous  and  early 
Tertiary  strata  (Gilmore,  1938;  Holfstetter,  1955;  Estes,  1964; 
Estes  etal.,  1969;  Estes  and  Berberian,  1980;  Holman,  1979; 
Rage,  1984;  and  Sullivan  and  Lucas,  in  press).  Estes  (1964) 
reported  that  the  family  Aniliidae,  based  on  material  referred 
to  the  snake  Coniophis  precedens,  was  present  in  the  late 
Maastrichtian  and  Hecht  (1959)  has  recorded  this  taxon  in 
the  middle  Eocene.  "^Coniophis"  cosgrijfi  has  been  reported 
in  the  Fruitland  Formation,  New  Mexico  (Armstrong-Zieg- 
ler,  1978,  1980),  but  this  species  belongs  to  the  family  Boi- 
dae  (Rage,  1 984;  Estes  and  Baez,  1 985).  The  Aniliidae  ranges 
from  the  late  Maastrichtian  to  Recent. 

BOIDAE.  A single  trunk  vertebra  of  the  large  bold  Madt- 
soia  madagascariensis  from  the  “Gite  du  Guide”  (?Santonian 
or  ?Campanian)  North  of  Berivotra,  Madagascar,  is  the  old- 
est occurrence  of  this  family  (D.  Russell  et  al.,  1976;  Rage, 
1984).  ’"Coniophis"  cosgriffi  from  the  middle  Campanian  of 
New  Mexico  (above),  is  the  only  North  American  Cretaceous 
boid  known.  The  henophidian  snake  Helagras  prisciformis 
is  known  by  trunk  vertebrae  from  the  Paleocene  of  New 
Mexico  and  the  late-early  Paleocene  of  Wyoming  (Gilmore, 
1938;  Holman,  1979;  Rage,  1984).  Helagras  has  been  in- 
ferred to  be  a member  of  the  family  Boidae  (Hoffstetter,  1955; 
Hoffstetter  and  Rage,  1972;  Rage,  1984)  but  Holman  (1983) 
believes  that  reference  to  the  Boidae  is  questionable  and  thus 
prefers  to  place  it  in  Henophidia  incertae  sedis. 

Russell  (1975,  1982d)  in  his  diagrams  indicated  the  pres- 
ence of  the  family  Boidae  in  the  Late  Cretaceous  based  on  a 
specimen  referable  to  "Coniophis"  cosgrijfi  originally  re- 
ported by  Estes  and  Berberian  (1970)  and  later  by  Estes  and 
Baez  (1985).  Like  the  Aniliidae,  the  Boidae  has  a Late  Cre- 
taceous origin,  crossed  the  K-T  boundary,  and  proliferated 
in  the  Paleogene. 

Dinilysia  patagonia.  Dinilysia  patagonia  from  the  Late 
Cretaceous  of  South  America,  has  been  interpreted  as  being 
close  to  Anilioidea  (Estes  et  al.,  1970)  while  Rage  (1984) 
believes  it  shares  affinities  with  the  Booidea.  Previously,  this 
snake  had  been  included  in  its  own  subfamly  Dinilisyiinae 
by  Romer  (1956).  Estes  et  al.  (1970)  referred  Dinilysia  to 
basal  Booidea  without  designating  a specific  familial  desig- 
nation. Estes  (pers.  comm.,  1985)  believes  Dinilysia  is  a 
monotypic  taxon,  which  is  followed  here.  Dinilysia  patagonia 
is  restricted  to  the  middle  Campanian. 

CROCODILIA 

Five  families  of  crocodilians  were  cited  in  Russell’s  (1975) 
diagram,  but  he  only  recognized  four  families  in  his  revised 
diagram  (Russell,  1982d).  The  sebecosuchian  family  Sebe- 
cidae,  a small  South  American  crocodilian  family  erroneous- 
ly presented  in  Russell’s  (1975)  diagram  for  North  America, 
is  known  by  two  species  Sebecus  icaeorhinus  and  S.  huilensis, 
which  are  restricted  to  Paleogene  and  upper  Miocene  strata 


(Steel,  1973;  Buffetaut,  1982).  The  mesosuchian  family  Go- 
niopholidae  is  represented  by  species  that  are  known  prin- 
cipally from  the  early  Maastrichtian  “Greensands”  of  New 
Jersey  (North  America),  rather  than  latest  late  Maastrichtian 
as  implied  by  Russell  ( 1 975).  Finally,  the  mesosuchian  family 
Pholiosauridae,  as  Russell  has  correctly  indicated  in  his  1975 
diagram,  became  extinct  well  before  the  K-T  boundary  (late 
Santonian).  Suffice  it  to  say  that  none  of  these  three  croco- 
dilian families  reaches  the  K-T  boundary. 

BAURUSUCHIDAE.  The  sebecosuchian  family  Bauru- 
suchidae  ranges  from  the  Late  Cretaceous  (early  Maastrich- 
tian) of  South  America  through  the  Eocene  of  North  America 
and  Europe  and  is  known  by  five  monotypic  genera  (Steel, 
1973).  This  family  traverses  the  K-T  boundary  without  a 
decrease  in  species  diversity. 

CROCODYLIDAE.  The  eusuchian  families  Crocodylidae 
and  the  “Alligatoridae”  listed  by  Russell  (1975)  are  treated 
here  as  one  family,  the  Crocodylidae,  following  Steel  (1973). 
Brachychanipsa  montana  has  been  reported  from  the  Kirt- 
land  and  Judith  River  formations  of  New  Mexico  and  Mon- 
tana, respectively,  and  Brachychanipsa  sp.  has  recently  been 
discovered  in  the  late  Maastrichtian  Hell  Creek  Formation, 
North  Dakota  (Hutchison,  pers.  comm.,  1986).  The  genus 
Crocodylus  is  known  by  a plethora  of  species  (many  of  which 
are  probably  not  valid)  that  span  Early  Cretaceous  to  Recent 
time  (Steel,  1973).  Deinosiichus  (=Phobosuchus)  hatcheri  is 
from  the  Judith  River  Formation,  Montana,  and  D.  rio- 
grandensis  is  from  the  Aguia  Formation,  Texas;  both  are 
from  strata  that  are  pre-late  Maastrichtian.  Three  species  of 
the  North  American  taxon  Leidyosuchiis  are  valid:  L.  can- 
adensis, from  strata  of  middle  Campanian  to  late  Maastrich- 
tian age;  L.  aciitidentatus  from  the  early  Paleocene  (Danian) 
strata;  and  L.  riggsi  from  the  late  Paleocene  (Selandian)  strata 
(Lucas  and  Sullivan,  1986).  The  South  American  taxon  Nec- 
rosuchus  ionesis  from  the  Salamanca  Formation,  Chubut, 
Patagonia,  is  considered  pre-late  Maastrichtian.  Species  di- 
versity of  other  taxa  near  the  Cretaceous-Tertiary  boundary 
(i.e.,  Allognathosuchus  [which  includes  Navajosuchus  novo- 
mexicanus  and  Wannaganosuchus  brachymanus,  etc.,  Sul- 
livan et  al.,  in  press])  are  not  well  known  owing  to  their 
incomplete  nature.  Russell’s  tabulation  of  numerous  croco- 
dilian specimens  in  museum  collections  does  not  reflect  species 
diversity  of  crocodilians  as  previously  indicated,  because  they 
suffer  from  the  same  collecting  biases  as  the  chelonians,  and 
from  lack  of  study  by  vertebrate  paleontologists. 

DYROSAURIDAE.  The  extinct,  and  predominately  Af- 
rican, mesosuchian  crocodilian  family  Dyrosauridae  (in- 
cludes the  “Congosauridae”  of  Steel,  1973)  is  known  by  sev- 
eral genera  (Atlantosuchus,  Dyrosaunis,  Hyposaurus, 
Phosphatosaurus,  Rhabdognathus,  Sokotosuchus,  Tilemsi- 
suchus)  and  an  unresolved  number  of  species,  varying  in  age 
from  Maastrichtian  through  Eocene,  and  widely  distributed 
in  North  Africa,  New  Jersey,  Brazil,  and  Pakistan  (Storrs, 

1 986).  Although  the  members  of  this  family  are  poorly  known, 
their  stratigraphic  distribution  demonstrates  that  taxa  in  this 
group  successfully  crossed  the  K-T  boundary. 
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DINOSAURIA 

Dinosaurs  have  recently  been  demonstrated  to  be  a mono- 
phyletic  group  by  Gauthier  ( 1 986)  based  on  characters  of  the 
manus,  ilium,  cervical  vertebrae  (axis-atlas  complex),  and 
other  features,  thus  eliminating  the  traditional  dichotomy  of 
the  orders  Saurischia  and  Ornithischia  as  the  two  predomi- 
nant taxonomic  categories  for  these  reptiles  (Figure  1).  I fol- 
low Gauthier’s  classification,  rather  than  that  of  Paul 
(1984a),  in  my  range  chart  for  the  reptilian  families  (Table 
1).  I also  follow  Gauthier  (1986)  and  Cracraft  (1986)  in  rec- 
ognizing the  “Aves”  and  other  “bird”  taxa  as  members  of 
the  Theropoda  (hence  Dinosauria).  I restrict  my  presentation 
to  the  traditional  dinosaurian  classification  scheme  for  this 
paper  by  omitting  these  taxa  from  my  chart  (Table  1)  so  that 
comparisons  can  readily  be  made  with  the  works  of  Russell 
(1975,  !982d).  The  recognition  of  related  “bird”  taxa,  as 
members  of  the  Dinosauria,  only  further  demonstrates  the 
gradualistic  nature  of  the  K-T  transition  in  terms  of  reptilian 
species.  Dinosaurian  families  and  other  taxa  discussed  im- 
mediately below  include  only  those  families  that  have  been 
cited  by  workers  as  reaching  or  approaching  the  Cretaceous- 
Tertiary  boundary. 

Russell  (1975)  listed  1 1 dinosaurian  families  in  his  diagram 
and  in  his  subsequent  chart  (Russell,  1982d)  listed  15  di- 
nosaurian families  for  an  apparent  net  gain  of  four  families 
to  further  lend  support  for  an  abrupt  mass  extinction  event. 
Russell’s  ( 1 982d)  chart  included  five  “new”  dinosaurian  fam- 
ilies: Ankylosauridae,  “Dryptosauridae,”  Oviraptoridae  (in- 
cluded here  in  the  Caenagnathidae),  Saurornithoididae,  and 
“Thescelosauridae”  (which  are  discussed  below).  These 
“newly”  recognized  families  do  not  affect  species  diversity 
because  they  only  represent  a reorganization  of  previously 
known  species.  Two  of  the  dinosaurian  families  listed  by 
Russell  (1975),  the  Troodontidae  and  the  family  Nodosau- 
ridae  have  been  since  redefined;  the  former  includes  the  di- 
nosaur family  “Saurornithoididae”  and  other  taxa  and  the 
latter  family  includes  some  of  the  species  that  are  now  as- 
signed to  the  Ankylosauridae,  a family  that  is  distinct  from 
the  nodosaurids  (see  below). 

In  a more  recent  paper  on  dinosaurs  from  North  America, 
Russell  (1984)  lists  two  dinosaur  families:  the  “tooth  taxon” 
“Aublysodontidae”  (Carpenter,  1982),  which  is  treated  here 
as  Theropoda  incertae  sedis  and  the  rather  surprisingly  late 
occurrence  of  the  sauropodomorph  family  Diplodocidae 
which  is  based  solely  on  a single  vertebra  (of  “Morrison 
aspect”)  and  is  possibly  reworked  (McIntosh,  pers.  comm., 
1985). 

ANKYLOSAURIDAE.  Originally  not  appearing  in  Rus- 
sell’s (1975)  chart  of  reptilian  diversity,  this  family  is  in- 
cluded by  Russell  ( 1982d)  presumably  based  on  the  revision 
of  the  Ankylosauria  presented  by  Coombs  (1978).  Coombs 
recognized  two  families  of  ankylosaurians,  the  Ankylosau- 
ridae and  the  Nodosauridae  (see  below).  The  family  Anky- 
losauridae includes  ten  Late  Cretaceous  species,  the  majority 
of  which  are  pre-late  Maastrichtian  in  age:  Amtosaurus  mag- 


thier  (1986)  and  followeod  here.  Asterisk  denotes  metataxon  (see 
Gauthier,  1986,  for  discussion). 

nus,  Ankylosaurus  magniventris,  Euoplocephalus  tutus,  La- 
inetasaurus  indicus,  Pinacosauriis  grangeri,  Saichania  cliul- 
sauensis,  Talarurus  disparoservatus,  T.  plicatospineus,  Tarchia 
kielaiiae,  and  T.  gigantea  1977;  Coombs,  1978; 

Kurzanov  and  Tumanova,  1978;  Tumanova,  1981).  The 
Asian  ankylosaurs  are  all  from  pre-Maastrichtian  deposits. 
These  include  Pinacosaurus  from  the  DJadokhta  Formation, 
Saichania  from  the  Barun  Goyot  Formation,  and  Talarurus 
from  the  Bayn  Shireh  “formation,”  all  of  which  are  from  the 
Mongolian  People’s  Republic  (Gradzinski  et  al.,  1977;  Mar- 
yanska,  1977). 

Euoplocephalus  tutus  is  known  from  the  Judith  River,  Two 
Medicine,  Horseshoe  Canyon,  and  Oldman  formations  of 
Alberta.  Ankylosaurus  magniventris,  the  latest  surviving  an- 
kylosaurid,  is  known  by  three  specimens  from  the  Hell  Creek 
and  Scollard  formations,  and  is  late  Maastrichtian  in  age 
(Coombs,  1978).  Furthermore,  Ankylosaurus  magniventris  is 
the  only  ankylosaurian,  from  either  the  Ankylosauridae  or 
Nodosauridae,  that  is  known  from  “Lancian”  or  late  Maas- 
trichtian age  deposits. 

Avisaurus  archibaldi.  Brett-Surman  and  Paul  (1985)  re- 
cently proposed  the  family  “Avisauridae”  for  the  new  species 
Avisaurus  archibaldi  based  on  a right  metatarsus  from  the 
Hell  Creek  Formation  and  two  other  metatarsi,  one  from  the 
Lecho  Formation  of  Argentina,  and  another  from  the  Hell 
Creek  Formation  of  Montana,  which  they  believe  to  be  dis- 
tinct, based  on  “uniquely  divergent  morphology.”  However, 
the  primitive  nature  of  these  metatarsi  compared  to  those  of 
Archeopteryx  and  other  avian  taxa,  as  indicated  by  their  in- 
complete fusion  distally,  suggests  that  Avisaurus  may  rep- 
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resent  a derived  dromaeosaurid.  However,  for  the  present  I 
consider  the  species  Avisaurus  archihaldi  to  be  Coelurosauria 
incertae  sedis. 

CAENAGNATHIDAE.  Originally  established  by  Stern- 
berg (1940)  for  the  reception  of  the  species  Caenagnathiis 
collinsi,  the  Caenagnathidae  was  believed  to  be  a new  family 
of  birds.  This  taxon  has  had  a history  of  being  tossed  back 
and  forth  from  the  traditional  “Aves”  to  Reptilia  (see  Cra- 
craft,  1971)  and  is  now  recognized  as  a group  of  coelurosau- 
rian  theropods  (Gauthier,  1986).  The  family  includes  three 
taxa:  Caenagnathus  collinsi  and  C.  stenibergi  both  from  the 
Horseshoe  Canyon  Formation,  Alberta  (see  Cracraft,  1971) 
and  Oviraptor  philoceratops  from  the  Djadokhta  Formation, 
Mongolian  People’s  Republic.  Oviraptor  sp.  has  been  re- 
ported from  the  middle  Campanian  red  beds  of  Khermeen 
Tsav  I and  II  (Gradzihski  et  al.,  1977).  As  such,  this  family 
is  restricted  to  the  middle  Campanian  and  has  been  included 
in  Coelurosauria  incertae  sedis  by  Gauthier  (1986). 

Russell  (1982d)  indicated  that  the  family  Oviraptoridae, 
a monotypic  family  that  is  included  here  in  the  Caenagnath- 
idae (see  Barsbold,  1983;  Gauthier,  1986),  ranges  from  the 
early  Campanian  to  the  late  Maastrichtian.  However,  I know 
of  no  documented  occurrence  of  any  of  the  above-mentioned 
taxa  that  would  support  an  occurrence  younger  than  middle 
Campanian. 

CARNOSAURIA/TYRANNOSAURIDAE.  Gauthier 
( 1 986)  recognized  only  hve  taxa  that  Russell  (1970)  included 
in  the  family  Tyrannosauridae:  Albertosaurus  sarcophagus 
from  the  Horseshoe  Canyon  Formation,  Alberta;  A.  lancensis 
from  the  Lance  Formation,  Wyoming;  A.  libratus  from  the 
Oldman  Formation,  Alberta;  the  monotypic  genera  Tarbo- 
saiirus  bataar  from  the  “Edmontonian  age”  (late  Campani- 
an-early Maastrichtian)  strata  of  the  Nemegt  Basin,  Mon- 
golian People’s  Republic;  and  Tyrannosaurus  rex  from  the 
“Laramie”  and  Hell  Creek  formations,  Montana.  Tyranno- 
saurus rex  and  Albertosaurus  lancenis  are  the  latest  surviving 
taxa  of  the  family  Tyrannosauridae,  and  are  also  the  latest 
surviving  carnosaurians,  a group  that  consisted  of  a number 
of  species  that  ranged  from  the  Late  Jurassic  to  Late  Creta- 
ceous and  consisted  of  13  valid  taxa  (Gauthier,  1986). 

Daspletosaurus  torosus  from  the  Horseshoe  Canyon  For- 
mation, Alberta,  which  was  included  in  the  Tyrannosauridae 
by  Russell  (1970),  has  been  removed  from  the  Tyranno- 
sauridae by  Gauthier  (1986)  and  placed  within  the  Carno- 
sauria.  A number  of  camosaurian  (including  “teratosaurids” 
and  “megalosaurids”)  taxa,  too  numerous  to  list  here,  are 
known  mostly  from  pre-Maastrichtian  deposits.  The  more 
important  taxa  include;  Allosaurus  fragilis.  from  the  Late 
Jurassic  Morrison  Formation;  Acrocanthosaiirus  atokensis 
from  the  Early  Cretaceous  Trinity  Sands;  Alectrosaurus  olseni 
from  the  Cenomanian  Iren  Dabasu  Eormation,  People’s  Re- 
public of  China;  Aliorarnus  remotus  from  the  middle  Cam- 
panian Nogon  Tsav,  Mongolian  People’s  Republic  (Kurza- 
nov,  1976a);  Chingkandousaurus  fragilis  from  “Upper 
Cretaceous  strata  in  a place  south  of  Chingkankou,”  People’s 
Republic  of  China  (see  Young,  1958;  101);  Dryptosaurus 
aquilunguis  from  the  early  Maastrichtian  “Greensands”  of 


New  Jersey  (see  below);  Spinosaurus  aegypticus  from  “Upper 
Cretaceous  deposits”  (early  Cenomanian)  of  Egypt;  Indo- 
saurus  (=Orthogoniosaurus)  matleyi  and  Indosuchus  rapto- 
rius  from  the  “Late  Cretaceous”  (Turonian,  Santonian  or 
Maastrichtian,  see  Chatterjee,  1978;  ?Campanian,  Chatter- 
jee,  pers.  comm.,  1985)  of  Madhya  Pradesh,  India;  Itemirus 
inedullaris  from  the  late  Turonian  Central  Kyzylkum  sands 
of  Soviet  Central  Asia  (Kurzanov,  1976b);  and  Majunga- 
saurus  crenatissimus  from  the  Campanian  “Gite  du  Guide” 
of  Madagascar  (D.  Russell  et  al.,  1976).  Clearly  carnosaurs 
show  a decline  in  species  before  the  late  Maastrichtian,  con- 
trary to  Russell  (1975). 

CERATOPSIDAE.  Only  two  valid  genera  of  ceratopsids 
are  known  to  occur  in  late  Maastrichtian  (Lance  equivalent) 
deposits,  Torosaurus  and  Triceratops  {=Agathaumus).  The 
former  is  a rare  ceratopsid  known  by  one  species,  Torosaurus 
latus  from  the  uppermost  part  of  the  Lance  Eormation,  above 
the  stratigraphic  occurrence  of  the  abundant  ceratopsid  Tri- 
ceratops (Steel,  1969).  The  species  Torosaurus  {=Arrhino- 
ceratops)  utahensis  (Lawson,  1976)  is  believed  to  be  a pre- 
cursor of  T.  latus.  Cobabe  and  Eastovsky  (1987)  named 
Ogrosaurus  olsoni.  from  the  late  Maastrichtian  Hell  Creek 
Eormation,  but  because  this  taxon  is  based  on  a very  frag- 
mentary specimen,  and  because  it  may  be  a junior  synonym 
of  Triceratops,  it  is  viewed  as  a nomen  dubium.  Numerous 
species  of  the  genus  Triceratops  have  been  named,  many  of 
which  are  invalid  or  synonyms.  Sloan  (1985)  reported  that 
hve  species  appear  to  be  valid  (T.  horridiis,  T.  prorsus,  T. 
elatiis,  and  T.  obtusus),  and  Paul  (pers.  comm.,  1986)  re- 
ported that  only  two  species  of  Triceratops  are  valid  based 
on  the  shape  of  the  premaxillary  region.  Ostrom  and  Welln- 
hover  (1986)  recently  suggested  that  the  genus  Triceratops  is 
monotypic,  represented  by  the  sole  species  T.  horridus,  a view 
that  is  accepted  here.  Therefore,  Torosaurus  latus  and  Tri- 
ceratops horridus  are  the  last  and  only  two  late  Maastrichtian 
ceratopsid  species,  antedated  by  numerous  species  belonging 
to  the  genera  Anchiceratops,  Arrhinoceratops,  Avaceratops, 
Brachyceratops,  Centrosaurus,  Ceratops,  Chasmosaurus, 
Eoceratops,  Monoclonius,  Pentaceratops,  Styracosaurus 
(species  too  numerous  to  list  here  and  many  of  which  most 
certainly  are  not  valid,  see  Dodson,  1986,  for  discussion), 
strongly  supporting  a major  decline  in  ceratopsid  taxa  prior 
to  the  late  Maastrichtian.  Russell  (1975,  1982d)  diagrammed 
the  Ceratopsidae  from  the  early  Campanian  through  late 
Maastrichtian.  Based  on  Monoclonius  crassus,  “Ceratops" 
(f.=Chasmosaurus)  montanus,  and  Avaceratops  lammersi  from 
the  Judith  River  Eormation,  the  oldest  documented  occur- 
rence of  a ceratopsid  (sensu  this  study)  is  middle  Campanian. 
The  stratigraphic  range  of  the  Ceratopsidae  is  middle  Cam- 
panian to  late  Maastrichtian. 

DROMAEOSAURIDAE.  Eour  taxa  are  recognized  by 
Gauthier  (1986)  in  the  family  Dromaeosauridae:  Adasaurus 
mongoliensis  from  the  KJiara  Khutul  locality  (Cenomanian), 
southeast  Mongolia  (Barsbold,  1983);  Deinonychus  antirrho- 
pus  from  the  Coverly  Formation  (late  Aptian),  Montana; 
Dromaeosaurus  albertensis  from  the  Horseshoe  Canyon  For- 
mation, Alberta;  and  Velociraptor  mongoliensis  from  the  beds 
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of  Toogreeg  and  the  Djadokhta  Formation,  Mongolian  Peo- 
ple’s Republic.  Velociraptor  sp.  has  been  reported  from  the 
Khulsan,  Barun  Goyot  Formation,  the  red  beds  of  Khermeen 
Tsav  I and  the  Nemegt  Formation,  Mongolian  People’s  Re- 
public (Gradzihski  et  ah,  1977).  Paul  (1984a)  believes  that 
both  Deinonychus  and  Sauroniitholestes  (Sues,  1978)  are 
congeneric  with  Velociraptor.  Gauthier  (1986)  includes  Sau- 
rornitholestes  langstoni  within  Coelurosauria  incertae  sedis. 
Ostrom  (1969)  reported  the  stratigraphic  range  for  the  Dro- 
maeosauridae  as  being  late  Aptian  to  late  Campanian  to  early 
Maastrichtian.  Russell  (1975,  1982d,  1984)  reported  that  the 
family  extends  to  the  late  Maastrichtian  based  upon  the  in- 
clusion of  the  “tooth  taxon”  Paronychodon  lacustris  and  an 
occurrence  of  cf  Dromaeosaurus  sp.  Because  phylogenetic 
relationships  of  the  former  genus  remain  unclear,  assignment 
to  this  family  is  far  from  certain  and  thus  the  presence  of  the 
family  Dromaeosauridae  in  late  Maastrichtian  strata  is 
doubtful.  None  of  the  aforementioned  valid  taxa  are  known 
to  occur  in  strata  younger  than  early  Maastrichtian  (see  Steel, 
1970),  therefore  Ostrom’s  (1969)  range  for  the  Dromaeo- 
sauridae stands  as  correct  unless  Avisaurus  archibaldi  proves 
to  be  an  advanced  dromaeosaurid  (see  Avisaurus  above). 

“DEINOCHEIRIDAE.”  This  family  is  not  recognized  here 
because  it  is  included  within  the  family  Omithomimidae 
(Gauthier,  1986). 

Dryptosaums  aquilunguis.  The  “Dryptosauridae”  (Marsh, 
1 890:424)  was  cited  by  Russell  ( 1 982d)  for  the  species  Dryp- 
tosaurus  aquilunguis.  a family  not  recognized  by  Gauthier 
(1986)  because  it  is  monotypic.  Gauthier  (1986)  interpreted 
D.  aquilunguis  as  being  intermediate  between  the  family  Ty- 
rannosauridae  and  the  genus  AUosaurus.  and  thus  belongs  to 
the  large  taxon,  Carnosauria.  The  transitional  nature  of  this 
carnosaur  taxon  probably  accounts  for  its  past  inclusion  in 
the  family  “Megalosauridae.”  The  youngest  known  occur- 
rence of  Dryptosaurus  aquilunguis  is  in  the  early  Maastrich- 
tian “Greensands”  (=Mt.  Laurel,  Navesink,  and  New  Egypt 
formations)  of  New  Jersey  and  Delaware  (Horner,  1979), 
and  thus  is  pre-late  Maastrichtian.  Russell  ( 1 982d)  illustrated 
the  range  of  this  monophyletic  family  as  early  to  late  Maas- 
trichtian. Because  Dryptosaurus  is  only  one  of  many  carno- 
saurs  known  from  the  Mesozoic,  real  diversity  of  carnosaur 
taxa  can  only  be  assessed  by  the  number  of  carnosaur  species 
(sensu  Gauthier,  1986)  through  time,  rather  than  by  mono- 
typic families  and  families  such  as  the  Tyrannosauridae  that 
include  a small  number  of  species  (see  Carnosauria/Tyran- 
nosauridae,  above).  Lastly,  some  isolated  teeth  have  been 
attributed  to  the  genus  Dryptosaurus  (Estes,  1964)  may  rep- 
resent a juvenile  or  subadult  carnosaur  such  as  Tyrannosau- 
rus rex. 

ELMISAURIDAE.  Not  recognized  by  Russell  (1975, 
1 982d),  the  Elmisauridae  was  established  by  Osmolska  (1981), 
and  consists  of  three  taxa:  Chirostenotes  pregracilis,  Elmi- 
saurus  rarus,  and  Macrophalangia  canadensis.  All  three  taxa 
may  be  synonymous  and  its  recognition  as  a family  was 
hesitantly  retained  as  valid  by  Gauthier  ( 1 986).  Chirostenotes 
pregracilis  K from  the  Horseshoe  Canyon  Formation,  Alberta 
(Gilmore,  1 924a).  Elmisaurus  rarus  is  from  the  Nemegt  For- 


mation, Mongolian  People’s  Republic.  Macrophalangia  can- 
adensis. described  by  Sternberg  ( 1 932),  is  from  the  Horseshoe 
Canyon  Formation,  Alberta.  Currie  and  Russell  (Currie,  pers. 
comm.,  1985)  believed  that  Macrophalangia  canadensis  is  a 
junior  synonym  of  Chirostenotes  pregracilis  and  that  the 
species  Caenagnathus  collinsi  (see  Caenagnathidae,  above) 
may  also  be  a junior  synonym  (Currie,  pers.  comm.,  1986). 
The  range  of  this  family  is  middle  Campanian  to  late  Cam- 
panian-early Maastrichtian.  Gauthier  (1986)  relegated  the 
family  Elmisauridae  to  the  Coelurosauria  incertae  sedis. 

“ENIGMOSAURIDAE.”  The  monotypic  family  “Enig- 
mosauridae”  was  recently  established  by  Barsbold  and  Perle 
for  the  reception  of  the  theropod  species  Enigniosaurus  mon- 
goliensis  from  the  “LIpper  Chalks”  (Cenomanian)  of  south- 
east Mongolia  (Barsbold,  1983).  This  taxon  is  here  consid- 
ered to  belong  to  the  Theropoda  and  does  not  warrant  familial 
recognition  based  on  the  characters  given  for  the  Theropoda 
as  defined  by  Gauthier  ( 1 986). 

“FABROSAURIDAE.”  The  family  “Fabrosauridae”  in- 
cludes six  species  that  range  from  Late  Triassic  through  Early 
Cretaceous  time  (Weishampel  and  Weishampel,  1983).  Gal- 
ton  (pers.  comm,  1985)  reported  that  there  are  now  two  Late 
Cretaceous  records  of  “fabrosaurids,”  both  based  on  two 
undescribed  isolated  teeth,  one  from  the  Judith  River  For- 
mation, Alberta,  and  the  other  from  the  Hell  Creek  For- 
mation, Montana.  Until  these  teeth  have  been  demonstrably 
shown  to  be  “fabrosaurids”  based  upon  shared-derived  char- 
acters and/or  have  not  been  reworked  from  older  strata,  I 
tentatively  take  the  position  that  the  youngest  unquestionable 
“fabrosaurid”  occurrence  is  Early  Cretaceous.  I therefore  do 
not  include  this  taxon  in  my  chart  (Table  1). 

HADROSAURIDAE.  Brett-Surman  (1979)  presented  an 
analysis  of  the  genera  of  the  family  Hadrosauridae  based  on 
features  of  the  hadrosaurid  pelvis.  He  recognized  21  valid 
genera  that  range  from  “pre”-Santonian  through  late  Maas- 
trichtian time.  Only  six  genera  recognized  by  him  (Edmon- 
tosaurus.  Hypacrosaurus.  Parasaurolophus.  Saurolophus.  Se- 
cernosaurus.  and  Shantiingosaurus)  approach,  or  encounter, 
the  Cretaceous-Tertiary  boundary.  Unfortunately,  Brett- 
Surman  (1979)  did  not  give  accurate  stratigraphic  ranges  for 
most  of  the  hadrosaurids.  Weishampel  and  Weishampel 
(1983)  offered  a more  complete  account  of  Late  Cretaceous 
hadrosaurs  in  their  list  of  ornithopod  taxa.  They  recognized 
27  genera  and  37  hadrosaur  species  occurring  in  Late  Cre- 
taceous units.  Six  of  these  34  species  have  unquestionable 
ages.  Only  two  species  of  Edmontosaurus.  E.  regalis  and  E. 
edmontoni.  are  considered  valid,  with  all  species  previously 
assigned  to  "Anatosaiirus"  recognized  as  junior  synonyms  of 
Edmontosaurus  with  the  exception  of  “T.”  copei.  a species 
that  represents  a yet  undescribed  genus  (Brett-Surman,  1979). 
Edmontosaurus  is  the  only  hadrosaurid  to  encounter  the  K-T 
boundary. 

Parasaurolophus  sp.  has  been  reported  from  the  North 
Horn  Formation  of  Utah  by  Gilmore  ( 1 946)  and  Weishampel 
and  Jensen  (1979),  and  is  considered  here  as  being  late  Cam- 
panian to  early  Maastrichtian  in  age.  Three  species  of  Para- 
saurolophus have  been  described:  P.  walkeri  from  the  Horse- 
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shoe  Canyon  Formation,  P.  tiibicen  from  the  “Ojo  Alamo 
Sandstone”  (=Naashoibito  Member)  of  the  Kirtland  Shale, 
and  P.  cyrtocrestatus  from  the  Fruitland  Formation.  These 
are  all  pre-middle  Maastrichtian  correlatives  (see  Table  2). 

The  hadrosaurid  Saurolophiis  is  known  by  three  species: 
S.  angustirostris  from  the  upper  white  beds  of  Khermeen 
Tsav,  questionably  from  the  beds  of  Bugeen  Tsav,  and  from 
the  Nemegt  Formation,  Mongolian  People’s  Republic  (Grad- 
zinski  et  ah,  1977;  Maryahska  and  Osmolska,  1981c);  S. 
kryschtofovici  from  “Upper  Cretaceous”  deposits  of  Amur, 
U.S.S.R.,  named  on  the  basis  of  an  ischium  fragment  (Rozh- 
destvensky, 1973),  and  undoubtedly  a nomen  dubiiim:  and 
S.  osborni  from  the  Horseshoe  Canyon  Formation,  Alberta 
(Brown,  1913).  Hypacrosaurus  is  known  by  one  species  H. 
altispinus  from  both  the  Horseshoe  Canyon  Formation,  Al- 
bert, and  the  Two  Medicine  Formation,  Montana.  The  prim- 
itive hadrosaur  Maiasaura  peeblesoruni  is  known  from  the 
Two  Medicine  Formation  of  western  Montana  (Horner  and 
Makela,  1979;  Horner,  1983). 

The  hadrosaurid  Secernosaurus  koerneri  from  the  “Upper 
Cretaceous”  of  San  Jorge  Formation  of  Patagonia  was  dia- 
grammed by  Brett-Surman  (1979)  as  late  Maastrichtian  in 
age,  yet  he  did  not  document  this  stratigraphic  correlation. 
Secernosaurus  koerneri  is  known  from  a single  (and  much 
incomplete)  specimen.  Barsboldia  sicinski  is  a lambeosaurine 
from  the  Nemegt  Formation,  Mongolian  People’s  Republic 
(Maryahska  and  Osmolska,  1981c). 

The  Chinese  hadrosaurid  Shantungosaurus  giganteus  de- 
scribed by  Hu  (1973)  is  known  from  strata  below  an  “Upper 
Cretaceous”  sequence  (Wangshih  series)  and  is  questionably 
Maastrichtian  as  are  Tanius  chingkankouensis,  T.  sinensis, 
and  Tsinfaosaurus  spinorhinus. 

Other  hadrosaurs  recognized  as  valid  taxa  include;  Ara- 
losaurus  tuberiferus,  from  the  Beleutinskaya  Formation 
(Turonian-Santonian)  of  Kazakhstan  (U.S.S.R.);  Bactrosau- 
rus  johnsoni  and  Gilmoreosaurus  {=Mandsclnirosaurus)  gil- 
niorei,  from  the  Iren  Dabasu  (=Iren  Nor)  Formation  (Cen- 
omanian), People’s  Republic  of  China;  Brachylophosaurus 
canadensis,  from  the  Oldman  Formation,  Alberta;  Claosau- 
rus  agilis,  from  the  Niobrara  Chalk,  Kansas;  Corythosaurus 
casuarius,  from  the  Oldman  Formation,  Alberta;  Hadrosau- 
rus  foulkii,  from  the  Marshalltown,  Merchantville,  and 
Woodbury  formations.  New  Jersey;  //.  navajovius,  from  the 
Fruitland  and  Kirtland  formations.  New  Mexico;  H.  nota- 
bilis,  from  the  Oldman  Formation,  Alberta  and  the  Bear  Paw 
Shale,  Western  Interior;  Jaxartosaurus  arelensis,  from 
Coniacian-Santonian  strata  of  Kazakhstan  (U.S.S.R.);  Lam- 
beosaurus  lambei  and  L.  magnicristatus,  both  from  the  Old- 
man Formation,  Alberta;  the  questionable  ILambeosaurus 
laticaudus,  from  the  “El  Gallo  Formation,”  Baja  California; 
Lophorhoton  atopus,  from  the  Black  Creek  Formation,  North 
Carolina;  Nipponosaurus  sachalinensis,  from  Coniacian- 
Santonian  strata  of  Japan;  Orthomerus  dolli,  from  the  Maas- 
tricht beds  of  the  Netherlands;  Procheneosaurus"  convin- 
cens,  from  the  Dabrazinskaya  Formation  (Santonian)  of  the 
U.S.S.R.;  and  lastly  Prosaurolophus  maxiniiis,  from  the  Old- 
man Formation,  Alberta  (Brett-Surman,  1979;  Weishampel 
and  Weishampel,  1983;  Weishampel  and  Horner,  1986).  Of 
the  aforementioned  hadrosaurids,  only  two  species  are  known 


with  certainty  from  late  Maastrichtian  strata  and  six  others 
are  known  from  pre-late  Maastrichtian  deposits.  The  ma- 
jority of  hadrosaurid  species  are  known  from  Campanian 
strata.  Clearly  hadrosaurid  diversity  reached  its  zenith  in 
middle  Campanian  times  and  hadrosaurid  species  were  se- 
verely diminished  by  the  late  Maastrichtian. 

“HYPSILOPHODONTIDAE.  ” The  family  “Hypsilo- 
phodontidae”  is  a polyphyletic  family  (Gauthier,  1 986),  which 
is  represented  by  only  two  or  three  species  in  the  Late  Cre- 
taceous. These  Late  Cretaceous  “hypsilophodontids”  in- 
clude; Parksosauriis  warreni  from  the  Horseshoe  Canyon 
Formation,  Alberta,  and  Kangnasaiirus  coetzeei  from  the 
Maastrichtian  Kalahari  deposits  of  South  Africa.  The  taxon 
Thescelosaurus  neglectus,  which  has  been  included  in  this 
polyphyletic  group  by  Gabon  (1974),  is  treated  separately 
below.  Gabon  (1974)  cited  ^^Laosaurus"  minimus  from  the 
Late  Cretaceous;  however,  this  taxon  is  from  Early  Creta- 
ceous strata  (Gilmore,  1924b).  The  above  taxa  are  the  last 
survivors  of  a polyphyletic  family  that  includes  some  16 
species  spanning  Callovian  (early  Late  Jurassic)  to  late  Maas- 
trichtian time  and  whose  maximum  species  diversity  was 
reached  during  the  Late  Jurassic  and  Early  Cretaceous.  Gal- 
ton  (pers.  comm.,  1 985)  reports  that  he  is  presently  describing 
a new  genus  from  the  Hell  Creek  Formation  of  South  Dakota 
previously  referred  to  Thescelosaurus. 

“IGUANODONTIDAE.”  Out  of  the  19  species  that  are 
currently  recognized  as  being  members  of  this  polyphyletic 
family,  only  three  species  are  known  from  late  Senonian 
strata.  The  oldest  of  these,  Craspedon  lonzeenis,  is  from  the 
Santonian  or  Belgium;  Radinosaurus  alcinus  is  from  the  Go- 
sau  Formation  (Campanian)  of  Austria;  and  Mochlodon  sues- 
si  is  from  both  the  Gosau  Formation  (Campanian)  of  Austria 
and  the  “Danian”  beds  (which  are  pre-late  Maastrichtian)  of 
Romania  (Weishampel  and  Weishampel,  1983).  As  with  the 
preceding  family  “Hypsilophodontidae,”  the  “Iguanodon- 
tidae”  reached  its  maximum  species  diversity  (Late  Jurassic- 
Early  Cretaceous)  well  before  the  outset  of  the  Maastrichtian. 

“MEGALOSAURIDAE.”  The  family  “Megalosauridae” 
includes  a number  of  pre-late  Maastrichtian  (mostly  middle 
Late  Jurassic)  taxa,  too  numerous  to  cite  here.  The  family  is 
not  recognized  here  and  is  included  within  the  Carnosauria 
as  defined  by  Gauthier  (1986).  A number  of  taxa  included 
in  this  family  are  based  on  very  incomplete  material. 

NODOSAURIDAE.  Six  major  nodosaurid  genera  {Hylae- 
osaurus,  Nodosaurus,  Panoplosaurus,  Sauropelta,  Silvisau- 
rus,  and  Struthiosaurus)  are  currently  recognized  (Coombs, 
1978).  Three  genera  previously  included  within  this  family 
have  been  transferred  to  the  family  Ankylosauridae  (Coombs, 
1978,  see  above).  The  last  occurrence  of  the  nodosaurids  is 
in  strata  of  early  to  middle  Maastrichtian  age  and  includes 
the  species  Struthiosaurus  transilvanicus,  Panoplosaurus  mi- 
nis, P.  rugosidens  {=Edmontonia  rugosidens,  =Palaeosincus 
rugosidens)  and  P.  longiceps  (Coomhs,  1978).  “Edmontonia” 
sp.,  which  may,  in  part,  be  distinct  from  Panoplosaurus,  has 
been  recently  reported  in  the  lower  Lance,  Hell  Creek,  and 
Laramie  formations  of  North  America  and  is  inferred  to  have 
undergone  significant  reduction  in  frequency  of  individuals 
by  this  time  (Carpenter  and  Breithaupt,  1986). 

ORNITHOMIMIDAE.  Gauthier  (1986)  recognized  12 
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species  in  this  family,  which  was  revised  to  include  not  only 
the  Ornithomimidae  of  Marsh  (1890)  but  also  the  “Dein- 
ocheiridae”  of  Osmolska  and  Roniewicz  (1970).  Russell 
(1972)  redefined  the  family  and  provided  stratigraphic  data 
for  many  of  the  species.  The  taxa  recognized  by  Gauthier  as 
belonging  to  this  family  include:  Archaeornithomimus  asia- 
ticiis  from  the  Cenomanian  Iren  Dabasu  Formation,  People’s 
Republic  of  China;  Deinocheirus  mirificus  from  the  Nemegt 
Formation,  Mongolian  People’s  Republic;  Dromiceiomimus 
brevitertius  from  the  Horseshoe  Canyon  Formation,  Alberta; 
D.  samueli  from  the  Oldman  Formation,  Alberta;  Elaphro- 
saiirus  bambergi  from  Late  Jurassic  strata,  Tanzania,  East 
Africa;  Gallimimus  bullatus  from  the  Nemegt  Formation, 
Mongolian  People’s  Republic;  Garudimimus  brevipes  from 
“early  Senonian’’  strata,  of  southeast  Mongolia;  Ingenia  yan- 
shini  from  “late  Senonian’’  strata,  southeast  Mongolia;  Or- 
nithomimus  edmonticus  from  the  Oldman  and  Horseshoe 
formations,  Alberta;  O.  sedens  from  the  Lance  Formation, 
Wyoming  (perhaps  a junior  synonym  of  O.  velox);  O.  velox 
from  the  Denver  Formation,  Colorado;  and  Stnithiomimus 
alt  us  from  the  Oldman  Formation,  Alberta.  Avimimus  por- 
tentosus  is  now  known  to  be  a “bird”  (Gauthier,  pers.  comm., 
1 985).  Russell  (1972)  reported  indeterminate  ornithomimids 
from  latest  Cretaceous  (Lance  equivalent)  strata  in  addition 
to  the  type  ""Ornithomimiis  velox"  from  the  Denver  For- 
mation, Colorado.  More  recently,  DeCourten  and  Russell 
(1985)  reported  this  species  from  the  Kaiparowits  Formation 
of  southern  Utah  and  suggested  a late  Maastrichtian  age  for 
this  formation  on  the  basis  of  palynomorphs  reported  by 
Lohrengel  (1969).  However,  the  palynomorphs  reported  by 
Bowers  (1972)  and  the  occurrence  of  Parasaurolophus  are 
consistent  with  a late  Campanian-early  Maastrichtian  age 
for  this  sequence.  Furthermore,  the  possibility  of  Ornitho- 
mimus  velox  in  strata  older  than  late  Maastrichtian  cannot 
be  ruled  out.  Eaton  (pers.  comm.,  1 986)  believes  the  evidence 
in  either  case  is  not  conclusive,  and  that  recent  data  support 
a pre-late  Maastrichtian  age  for  this  unit. 

PACHYCEPHALOSAURIDAE  (includes  “Homaloce- 
phalidae”).  Twelve  monotypic  genera  comprise  the  bizarre 
ornithopod  family  Pachycephalosauridae:  Goyocephale  lat- 
timorei  from  the  Boro  Khouil  beds.  People’s  Republic  of 
Mongolia;  Gravitholus  albertae  from  the  Oldman  Formation, 
Alberta;  Heishanosaiirus  pachycephalus  from  the  Chia-yii- 
kuan  “formation,”  People’s  Republic  of  China;  Micropa- 
chycephalosaurus  hongtuyanensis  from  the  Wong  Formation 
(Campanian)  of  Laiyang,  Shantung,  People’s  Republic  of 
China;  Mujungatholus  atops  from  the  Gres  de  Maevarano 
(Campanian)  of  Madagascar  (Sues  and  Taquet,  1979);  and 
Hornalocephale  calathoceros  and  Prenocephale  prenes,  both 
from  the  Nemegt  Formation,  People’s  Republic  of  Mongolia. 
Pachycephalosaurus  includes  only  one  species,  P.  wyomin- 
gensis.  "P.  reibeimeri"  and  P.  wyomingensis  were  previous- 
ly considered  probable  junior  synonyms  and  females  of 
"P.  grangeri"  (Gallon,  1971)  and  all  are  known  from  the 
Lance  Formation,  Montana,  South  Dakota,  and  Wyoming, 
respectively.  However,  a recent  reassessment  by  Gabon  and 
Sues  (1983)  suggests  that  P.  wyomingensis  is  probably  a sub- 
adult male  and  that  all  species  of  Pachycephalosaurus  are 
referrable  to  P.  wyomingensis.  Six  species  of  Stegoceras  have 
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Khuduk,  northwest  Mongolia);  A.  browni  from  the  Oldman 
Formation,  Alberta;  A.  edmontonicus  from  the  Horseshoe 
Canyon  Formation,  Alberta;  A.  lambei  from  the  Oldman 
Formation,  Alberta;  and  A.  sternbergi  and  A.  validus,  both 
from  the  Horseshoe  Canyon  Formation,  Alberta.  Stegoceras 
lambei  and  A.  sternbergi  are  probably  junior  synonyms  of  A. 
validus,  which  includes  A.  brevis  (Gabon,  1971).  The  taxon 
Ornatotholus  was  recently  established  for  “A.”  browni  (Gal- 
ton  and  Sues,  1983).  Stygimoloch  spinifer,  a taxon  based  on 
a massive,  but  fragmentary  spiny  horn  core  fused  to  a squa- 
mosal, is  from  the  Lance  (Hell  Creek)  Formation,  Montana 
(Gabon  and  Sues,  1983)  and  is  probably  a nomen  dubium. 
Tylocephale  gilmorei  is  from  the  Barun  Goyot  Formation, 
People’s  Republic  of  Mongolia;  Wannosaurus  yansiensis  is 
from  the  Xiaoyan  Formation,  Anhui  Province,  People’s  Re- 
public of  China,  and  is  of  indeterminate  Late  Cretaceous  age. 
The  oldest  certain  occurrence  of  the  family  Pachycephalo- 
sauridae is  middle  Campanian.  If  the  taxon  Yaverlandia  bi- 
tholus  from  the  Early  Cretaceous  Wealdon  beds  of  England 
proves  to  be  in  fact  a primitive  pachycephalosaurid,  then  the 
range  of  this  family  covers  most  of  Cretaceous  time.  The 
majority  of  the  pachycephalosaurid  taxa  are  known  from  pre- 
late Maastrichtian  strata  indicating  that  species  diversity  was 
significantly  reduced  by  late  Maastrichtian  time  (Bohlin,  1953; 
Gabon,  1971;  Maryanska  and  Osmolska,  1974;  Gradzinski 
et  al.,  1977;  Lian-hai,  1977;  Dong,  1978;  Sues  and  Taquet, 
1979;  Wall  and  Gabon,  1979;  Sues,  1980;  Perleetal.,  1982; 
and  Gabon  and  Sues,  1983). 

Pachyrhinosaurus  canadensis.  The  “Pachyrhinosauridae” 
was  established  by  Sternberg  (1950)  for  the  monotypic  taxon 
Pachyrhinosaurus  canadensis  from  the  Horseshoe  Canyon 
Formation,  Alberta.  Langston  ( 1 967)  believed  that  this  species 
should  be  included  within  the  family  Ceratopsidae  (above), 
but  Charig  (1979)  considers  a separate  family  to  be  war- 
ranted. However,  because  monotypic  families  are  viewed  as 
redundant,  only  the  species  is  recognized.  Pachyrhinosaurus 
canadensis  is  probably  a true  ceratopsid,  but  for  argument’s 
sake  it  is  treated  separately  here.  Pachyrhinosaurus  cana- 
densis is  restricted  to  the  middle  Campanian. 

PROTOCERATOPSIDAE.  Five  genera  representing  some 
six  species  constitute  the  taxa  included  in  the  family  Pro- 
toceratopsidae.  Bagaceratops  rozhdestvenskyi  is  from  the 
middle  Campanian  red  beds  of  Khermeen  Tsav  I and  11, 
Mongolian  People’s  Republic  (Gradzinski  et  al.,  1977;  Mar- 
yanska and  Osmolska,  1981b).  Leptoceratops  gracilis  is  from 
the  Horseshoe  Canyon  Formation,  Alberta.  Although  Fox 
(1978)  cited  this  dinosaur  from  the  “Lance  Formation,”  Os- 
trom  (1978)  correctly  pointed  out  the  improper  use  of  the 
“Lance”  beds  and  demonstrated  that  Leptoceratops  gracilis 
is  from  a horizon  that  is  correlative  to  the  Horseshoe  Canyon 
Formation  (late  Campanian-early  Maastrichtian).  Microcer- 
atops  is  represented  by  two  species  M.  gobiensis  and  M. 
sulcidens  (the  latter  species  is  known  only  by  very  incomplete 
material  and  is  probably  a nomen  dubium).  Both  species  are 
from  the  “Late  Cretaceous”  (pre-late  Maastrichtian)  deposits 
of  China.  Montanaceratops  is  known  by  the  sole  species  M. 
cerorhynchus  from  the  St.  Mary  River  Formation,  Montana. 
Protoceratops  andrewsi  is  the  well-known  species  from  the 
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Djadokhta  Formation,  Mongolian  People’s  Republic,  and 
the  “Upper  Cretaceous”  of  Ulan,  northwest  China  (Steel, 
1969).  The  species  IProtoceratops  kozlowskii  is  from  the  mid- 
dle Campanian  Barun  Goyot  Formation,  Mongolian  People’s 
Republic  (Maryahska  and  Osmolska,  1981b).  The  family 
Protoceratopsidae  ranges  from  the  middle  Campanian  to  ear- 
ly Maastrichtian. 

SAUROPODOMORPHA/TITANOSAURIDAE.  Nu- 
merous sauropodomorph  families  have  been  said  to  occur 
in  Late  Cretaceous  units  worldwide.  These  families  include 
the  Brachiosauridae  (for  the  occurrence  of  Rebbachisaurus 
garasbe  from  Cenomanian  deposits  of  Niger  [Lavocat,  1 954]); 
the  ?Cetiosauridae  (for  the  occurrence  of  Quaesitosaurus  ori- 
entalis  from  the  middle  Campanian  of  Mongolian  People’s 
Republic  [Kurzanov  and  Bannikov,  1983]);  and  the  Cara- 
marasauridae  (for  the  occurrence  of  Opisthocoelicaudia  skar- 
zynskii.  Borsuk-Bialynicka,  1977)  and  Diplodocidae  (for  the 
occurrence  of  Nemegtosaums  mongoliensis,  Nowsinski,  1971), 
both  from  the  Nemegt  Formation,  Mongolian  People’s  Re- 
public. Various  taxa  have  been  attributed  to  the  family  Ti- 
tanosauridae,  including  “Laplatasaurus”  madagascariensis 
(Campanian)  of  Madagascar  (D.  Russell  et  ak,  1976),  Ti- 
tanosaurus  indicus,  Antarctosaurus  septentrionalis  (?Maas- 
trichtian),  and  many  others.  The  abundance  of  sauropodo- 
morph taxa  named  is  directly  proportional  to  the  very 
fragmentary  remains  upon  which  many  of  the  species  have 
been  based.  My  comments  here  for  the  Titanosauridae  apply 
to  the  Late  Cretaceous  sauropodomorphs  in  general.  Given 
the  nature  of  the  fossil  record  of  these  taxa  an  accurate  species 
assessment  of  sauropodomorph  taxa  is  not  possible  at  this 
time. 

Some  of  the  more  important  Late  Cretaceous  sauropo- 
domorphs include:  Alamosaunis  sanjiianensis.  a form  genus 
from  the  late  Campanian-early  Maastrichtian  North  Horn 
and  Kirtland  formations  of  Utah  and  New  Mexico,  respec- 
tively, which  has  been  reported  from  the  Javelina  Formation 
(?late  Maastrichtian)  of  Texas  (see  Mateer,  1981  for  a dis- 
cussion of  the  dubious  nature  of  this  taxon  which  is  believed 
to  be  the  latest  titanosaurid);  Antarctosaurus  giganteus  from 
the  “Senonian”  of  Aquada  del  Cano  (Neuquen),  Argentina; 
A.  septentrionalis  (v/hich  includes  the  type  species  Titano- 
saurus  indicus)  from  the  Lameta  beds  (“Late  Cretaceous” 
see  Chatterjee,  1978)  of  Madhya  Pradesh,  India;  andH.  wich- 
mannianus  from  the  “Senonian”  of  both  Argentina  and  Uru- 
guay (Steel,  1970).  It  is  unclear  whether  all  ""Titanosaurus" 
species  are  referable  to  Antarctosaurus.  However,  “Titano- 
saurus"  has  priority  as  the  genus  name.  Numerous  species 
of  ''Titanosaurus"  have  been  proposed  and  they  are  not  all 
valid  for  reasons  given  above. 

Other  Late  Cretaceous  sauropodomorph  taxa  include:  Ae- 
gyptosaurus  baharijensis  from  the  Baharijie  Formation  (early 
Campanian)  of  northern  Egypt;  Argyn-osaurus  superbus,  from 
the  Arenscio  Formation  (Senonian)  of  Argentina  and  Uru- 
guay (Bonaparte,  1978);  Camphylodoniscus  ameghinoi  from 
Campanian  strata  of  Argentina;  Chianyuesaurus  (=lEuhe- 
lopus)  lacustris  from  the  “Late  Cretaceous”  Chia-yii-kuan 
“formation,”  People’s  Republic  of  China  (Bohlin,  1953); 
Chubutisaurus  from  the  Campanian  of  Argentina  (Bonaparte 
and  de  Gasparini,  1979);  Hypselosaurus  prisons  from  the 


“Begudo-Rognacian  beds”  (Maastrichtian)  of  France  (Jelet- 
sky,  1960,  1 962);  the  questionable  sauropod w/5- 
souriensis  from  the  Ripley  Formation  (early  Maastrichtian) 
of  Missouri  and  H.  crassicauda  (a  possible  hadrosaur,  see 
Baird  and  Horner,  1982);  Laplatasaurus  araukanicus  from 
the  Neuquen  Group  (Senonian)  of  Argentina  (Bonaparte, 
1978;  Bonaparte  and  Powell,  1980);  “L.”  madagascariensis 
from  Campanian  strata  of  both  Madagascar  and  India;  Lor- 
icosaurus  scutatus  (a  possible  ankylosaurian)  and  Microcoelus 
patagonicus  both  from  the  Neuquen  Group  (Senonian)  of 
Argentina  (Bonaparte,  1978;  Bonaparte  and  Powell,  1980); 
Nemegt osaurus  mongoliensis  from  the  Djadokhta  Forma- 
tion, Mongolian  People’s  Republic  (Nowinski,  1971);  N.  pa- 
chi  from  the  Subash  Formation,  Turfan,  Xinjiang,  People’s 
Republic  of  China  (Dong,  1 977);  Saltasaurus  loricatus  {=lTi- 
tanosaurus  australis)  from  the  Lecho  Formation  (late  Cam- 
panian-early middle  Maastrichtian)  of  Argentina  (Bonaparte 
and  Powell,  1980);  Sphaerorum  erbeni  from  “Upper  Creta- 
ceous” strata  of  Uruguay  (Mones,  1 980);  and  the  poorly  known 
Succinodon  putzeri  based  on  teeth  from  Campanian  age  strata 
of  Poland  (Huene,  1941).  On  the  face  of  it,  it  appears  as 
though  there  was  great  diversity  in  sauropodomorph  taxa 
during  the  Late  Cretaceous.  However,  it  is  certain  that  many 
of  these  taxa  are  not  valid,  having  been  named  on  very  in- 
complete and  otherwise  undiagnostic  material  as  previously 
mentioned.  In  addition,  most  if  not  all  of  these  taxa  come 
from  units  that  are  of  pre-late  Maastrichtian  age. 

“SAURORNITHOIDIDAE.”  Barsbold  (1974)  estab- 
lished this  family  for  the  taxon  Saurornithoides  which  is  a 
junior  synonym  of  Troodon  (see  Troodontidae,  below). 

SEGNOSAURIDAE.  Two  species  comprise  the  family 
Segnosauridae  (Perle,  1 979)  which  includes  Erlikosaurus  an- 
drewsi  and  Segnosaurus  galbinensis  both  from  the  Bayn  Shi- 
reh  “formation,”  Baysheen  Tsav,  Mongolian  People’s  Re- 
public (Barsbold  and  Perle,  1980).  A problematic  taxon 
Nanshiungosaurus  brevispinus  from  the  Nanxiong  Forma- 
tion, People’s  Republic  of  China,  may  also  belong  to  this 
family,  but  at  present  is  too  poorly  known  to  definitively 
assign  to  the  Segnosauridae.  This  family  includes  taxa  from 
pre-late  Maastrichtian  deposits  and  became  extinct  by  mid- 
dle Santonian  time.  Segnosaurids  are  viewed  as  being  tran- 
sitional between  “prosauropods”  and  ornithischians  (Paul, 
1984b). 

“SHANSHANOSAURIDAE.”  This  monotypic  family 
established  for  the  taxon  Shanshanosaurus  huoyanshanensis 
from  the  Subash  Formation,  Xinjiang,  Turfan  Basin,  China 
(Dong,  1977)  is  not  recognized  here  as  valid  and  is  relegated 
to  Theropoda  incertae  sedis. 

“SPINOSAURIDAE.”  This  family  includes  five  valid 
species  which  are  included  here  in  the  Carnosauria  following 
Gauthier  (1986).  The  youngest  species  is  Spinosaurus  ae- 
gypticus  from  the  early  Cenomanian  Baharije  Formation  of 
Egypt.  A newly  discovered  thoracic  vertebra,  bearing  an  en- 
larged neural  spine,  from  the  Naashoibito  Member  of  the 
Kirtland  Shale,  suggests  the  presence  of  either  the  carnosaur 
Spinosaurus  or  the  hadrosaur  Ouranosaurus.  This  specimen 
is  currently  being  studied  and  its  taxonomic  identity,  at  pres- 
ent, remains  uncertain  (Dobie,  pers.  comm.,  1985). 

“THERIZINOSAURIDAE.”  The  monotypic  family 
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“Therizinosauridae”  was  established  for  the  carnosaurian- 
like  taxon  Therizinosaunis  cheloniformes  (Maleev,  1954; 
Barsbold,  1976).  Although  this  taxon  was  not  discussed  by 
Gauthier  (1986)  it  is  best  to  consider  this  species  within  the 
Carnosauria  without  formal  familial  designation.  Therizi- 
nosaurus  cheloniformes  is  from  the  Nemegt  Formation  and 
the  “upper  white  beds”  of  Khermeen  Tsav,  Mongolian  Peo- 
ple’s Republic  (Gradzihski  et  ah,  1977).  This  taxon  is  re- 
stricted to  the  middle  Campanian. 

Thescelosaums  neglectus.  The  family  “Thescelosauridae” 
was  established  by  Sternberg  (1937)  for  the  species  Thesce- 
losaunis  neglectus.  The  species  T.  edmontonensis  was  named 
by  Sternberg  (1940)  and  was  later  considered  a probable 
junior  synonym  of  T.  neglectus  by  Gallon  ( 1 974),  a view  that 
is  accepted  here.  Thescelosaums  neglectus  is  known  from  the 
Horseshoe  Canyon,  Lance  Creek,  Frenchman,  Scollard,  and 
Hell  Creek  formations  of  North  America  (Gallon,  1974). 
Gallon  (1974)  also  reviewed  the  systematic  position  of  The- 
scelosaurus  in  the  ornithopod  families  (“Hypsilophodonti- 
dae,”  “Camptosauridae,”  and  “Iguanodontidae”)  and  con- 
cluded that  Thescelosaums  was  a generalized  (“conservative”) 
ornithopod  belonging  to  the  family  “Iguanodontidae.”  It  is 
recognized  here  as  a taxon  independent  of  family  ranking. 

“TROODONTIDAE.”  This  family,  which  takes  its  name 
from  the  species  Troodon  formosus  {Le\dy , 1 856)  has  recently 
been  demonstrated  to  be  the  senior  synonym  of  Stenony- 
chosaums  inequalis  and  Pectinodon  bakkeri  (Currie,  1987). 
In  his  review  of  the  “Saurornithoididae,”  Carpenter  (1982) 
synonymized  Stenonychosaums  inequalis,  Ornithomimus  (in 
part),  and  Polyodontosaurus  grandis  (along  with  Troodonfor- 
mosiis  and  the  “Saurornithoididae”)  as  junior  synonyms  of 
Saurornithoides,  failing  to  recognize  seniority  ofTroodon  and 
earlier  synonymies  (see  Currie,  1 987,  for  full  discussion).  The 
family  Troodontidae  tentatively  includes  three  species:  Sau- 
rornithoides junior  from  the  Nemegt  Formation,  Mongolian 
People’s  Republic;  S.  mongoliensis  from  the  Djadokhta  For- 
mation, Mongolian  Peoples’  Republic  (which  may  be  a junior 
synonym  of  S.  junior,  see  Gauthier,  1986:1 1);  and  Troodon 
formosus  from  the  Horseshoe  Canyon,  Lance,  and  Hell  Creek 
formations  (Carpenter,  1982;  Currie,  1987).  The  family 
Troodontidae  ranged  from  the  middle  Campanian  to  late 
Maastrichtian. 

DINOSAURIA  incertae  sedis.  There  are  a few  species  of 
Late  Cretaceous  dinosaurs  that  may  or  may  not  be  valid,  and 
that  clearly  do  not  fall  within  currently  recognized  families 
owing  to  their  fragmentary  nature  and/or  poorly  understood 
phylogenetic  relationships.  Some  of  these  dinosaur  species 
include:  Aublysodon  mirandus,  a problematic  theropod  known 
only  by  teeth  from  the  middle  Campanian  to  late  Maastrich- 
tian of  North  America  (Carpenter,  1982);  Hulsanapes  perlei 
from  the  Barun  Goyot  Formation,  Mongolian  People’s 
Republic  (Osmolska,  1982)  which  is  included  within  the 
Coelurosauria  incertae  sedis  by  Gauthier  (1986);  the  ?coe- 
lurosaur  Noasaurus  lead  from  the  Lecho  Formation  (late 
Campanian  or  early  Maastrichtian)  of  northwestern  Argen- 
tina (Bonaparte  and  Powell,  1980);  the  “tooth  taxon”  Pa- 
ronychodon  lacustris  from  the  late  Maastrichtian  Lance  For- 
mation, which  may  be  valid,  and  possibly  belongs  to  either 
the  Dromaeosauridae  or  Troodontidae  (=Sauromithoididae 


Table  3.  List  of  probable  valid  “dinosaurian”  taxa  (paraphyletic 
sense,  exclusive  of  the  Avialae,  Figure  1)  for  the  latest  Cretaceous 
(late  Maastrichtian). 


Taxon 

Source 

Albertosaunis  lancensis 

Russell,  1970 

.4  nkylosaurus  magniventris 

Coombs,  1978 

Avisaurus  archibaldi 

Brett-Surman  and  Paul,  1986 

Edmontosawus  edmontoni 

Brett-Surman,  1979 

E.  regalis 

Brett-Surman,  1979 

"'Edmontonia"  sp.  (or 

Carpenter  and  Breithaupt,  1986 

Panoplosaurus) 

Omithomimidae  indet. 

Russell,  1972 

Pachycephalosaurus 

Gallon,  1971;  Gallon  and  Sues, 

vdyomingensis 

1983 

Thescelosaums  neglectus 

Gallon,  1974 

Torosaurus  latus 

Steel,  1969 

Triceratops  horridus 

Ostrom  and  Wellnhoffer,  1986 

Tyrannosaurus  rex 

Gauthier,  1986 

of  Carpenter,  1982)  (Currie,  1987);  and  Saurornitholestes 
langstoni  from  the  Judith  River  Formation,  Alberta  (Sues, 
1978),  a taxon  placed  within  the  Coelurosauria  incertae  sedis 
by  Gauthier  (1986).  A few  of  these  taxa  are  known  from  late 
Maastrichtian  strata,  but  because  of  their  uncertain  nature, 
they  do  not  substantially  affect  the  number  of  species  that 
existed  at  the  time  of  the  K-T  transition  (see  Table  3). 

PTEROSAURIA 

AZHDARCHIDAE.  Padian  ( 1 984)  recognized  two  Late  Cre- 
taceous pterosaur  families,  the  Pteranodontidae  (Albian- 
Campanian,  see  below)  and  the  family  “Titanopterygiidae” 
(Campanian-Maastrichtian).  This  latter  family,  which  was 
replaced  by  the  family  Azhdarchidae  (Padian,  1 986)  because 
of  taxonomic  priority,  is  based  on  characters  of  the  cervical 
vertebrae  and  includes  only  three  taxa,  Azhdarcho  lanciollis 
(Nesov,  1984),  Quetzacoatliis  northropi,  and  Titanopteryx 
philadelphiae,  which  in  fact  may  be  coeval  (Padian,  1984, 
1986).  The  Azhdarchidae  ranged  from  the  middle  Campan- 
ian to  late  Maastrichtian. 

PTERANODONTIDAE.  The  pterosaurs,  by  all  indica- 
tions, were  severely  diminished  in  number  of  taxa  by  the 
beginning  of  the  Maastrichtian.  Russell  (1975,  1982d)  illus- 
trated in  his  diagrams  the  pterosaur  family  Ornithocheiridae 
extending  to  the  K-T  boundary.  Wellnhofer  (1978)  indicated 
that  the  family  Ornithocheiridae  ranged  from  the  Cenoma- 
nian through  Turonian  (early-Late  Cretaceous)  with  all  species 
becoming  extinct  well  before  the  end  of  the  Cretaceous.  No 
other  pterosaur  families  were  cited  by  Russell  (1975)  for  the 
Late  Cretaceous.  In  his  subsequent  paper  (Russell,  1982d), 
his  diagram  had  been  modified  to  include  an  “unnamed  fam- 
ily” of  pterosaurs  for  which  he  provided  no  additional  in- 
formation. Recently  Padian  (1984)  diagnosed  the  pterosaur 
family  Pteranodontidae  based  on  the  presence  of  a distinct 
deltopectoral  crest.  Taxa  recognized  as  belonging  to  this  fam- 
ily included:  Nytosaurus  gracilis.  N.  bonneri,  Pteranodon  in- 
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gens,  P.  longiceps,  P.  marshi,  P.  occidentalis,  P.  sternbergi, 
and  P.  walkeri.  All  of  these  taxa  are  known  from  the  upper 
part  of  the  Niobrara  Formation,  which  is  early  Campanian 
in  age.  The  taxa  ""Ornithostoma"  (=Pteranodon)  orientalis 
from  Serdowa,  Saratow  District,  Petrowsk,  U.S.S.R.,  and 
Dyctosaums  lamegoi  from  the  Gramame  Formation  of  Brazil 
are  probably  pre-late  Maastrichtian  in  age  (Wellnhofer,  1978). 
If  the  above  species  are  valid,  maximum  species  diversity 
for  the  family  Pteranodontidae  was  reached  at  the  time  of 
their  extinction,  near  middle  Campanian  time. 

ICHTHYOSAURIA 

PLATYPTERYGIIDAE.  The  greatest  taxonomic  diversity 
of  ichthyosaurs  occurred  during  the  Jurassic,  well  before  the 
close  of  the  Cretaceous.  Russell  (1975,  1982d)  illustrated  the 
range  of  the  ichthyosaur  family  Platypterygiidae  as  extending 
to  late  Campanian  time.  The  unusually  late  range  extension 
for  this  family  is  based  on  an  isolated  occurrence  of  a single 
coracoid  from  a supposed  late  Campanian  ichthyosaur  re- 
ported by  McGowan  ( 1 973).  Regardless  of  whether  this  spec- 
imen was  reworked  or  not,  ichthyosaurs  are  not  known  from 
any  Upper  Cretaceous  deposits  of  late  Maastrichtian  age  and 
the  major  reduction  of  ichthyosaur  taxa  occurred  well  before 
Cenomanian  time  (Russell,  1975).  Russell  (1982d),  as  with 
the  preceding  Pterosauria,  diagrammed  an  “unnamed  fam- 
ily” without  documentation. 


PLESIOSAURIA 

ELASMOSAURIDAE.  The  biostratigraphic  data  for  plesio- 
saurs presented  by  Russell  (1975)  were  largely  misrepre- 
sented. Only  one  plesiosaur  family  (Elasmosauridae)  is  known 
from  the  Late  Cretaceous.  The  families  Cimoliasauridae  and 
Polycotylidae  listed  by  Russell  (1975,  1982d)  are  not  rec- 
ognized as  valid  owing  to  the  numerous  species  contained 
within  these  two  families  that  are  recognized  as  nomina  dubia 
and  others  that  have  been  synonymized  (Welles,  1 962).  None 
of  the  plesiosaur  species  that  Russell  discussed  are  known 
from  late  Maastrichtian  marine  deposits  (Welles,  1943,  1949, 
1952,  1962).  The  youngest  documented  occurrence  of  ple- 
siosaurs (and  ?pliosaurs)  include  the  following  taxa:  Aphro- 
saurus  fwiongi,  Fresnosaunis  dredcheri,  Hydrotherosaums 
alexandrae,  and  Morenosaurus  stocki,  all  from  the  Moreno 
Formation  of  California,  which  is  considered  pre-late  Maas- 
trichtian (Popenoe  et  al.,  1960);  lAristonectes  parvidens  (a 
probable  pliosaur  from  the  Cahadon  del  Loro  strata,  Pata- 
gonia) (Welles,  1962);  Leuwspondylus  idtimus  (from  the 
Horseshoe  Canyon  Formation  of  Alberta);  and  Maidsaurus 
haasati  (a  “composite”  plesiosaur  from  many  localities  in 
New  Zealand)  (Welles,  1962).  Suffice  it  to  say  that,  like  the 
ichthyosaurs,  the  plesiosaurs  experienced  maximum  species 
diversity  prior  to  the  onset  of  the  Maastrichtian  and  that  they 
were  most  abundant  in  Late  Jurassic  time. 


SUMMARY  AND  CONCLUSIONS 


The  foregoing  review  of  K-T  transitional  reptiles  and  their 
biostratigraphic  distribution  allows  for  a reassessment  of  these 
taxa  with  respect  to  the  Cretaceous-Tertiary  boundary  and 
enables  one  to  comment  on  the  supposed  mass  extinction  of 
these  vertebrates  at  the  close  of  the  Cretaceous  Period. 

In  general,  the  turtles  are  known  by  numerous  species, 
many  of  which  cross  the  Cretaceous-Tertiary  boundary 
(Hutchison  and  Archibald,  1 984,  1 986).  Despite  the  fact  that 
most  turtle  groups  are  probably  over-split  in  terms  of  num- 
bers of  species  (and  genera),  the  chelonians  still  appear  to  be 
relatively  diverse  at  the  species  level.  Unfortunately,  at  this 
time  precise  numbers  of  turtle  taxa  that  encounter  the  K-T 
boundary  on  a global  scale  cannot  be  assessed,  but  work  by 
Hutchison  and  Archibald  (1984,  1986)  and  others  will  un- 
doubtedly help  to  resolve  turtle  species  diversity  at  the  K-T 
boundary.  Based  on  the  available  evidence,  both  marine  and 
freshwater  turtles  were  little  affected  by  the  K-T  transition. 

The  eosuchian  Champsosaunis  laramiensis  is  known  from 
both  sides  of  the  K-T  boundary  indicating  that  this  taxon 
was  unaffected  by  the  K-T  transition. 

In  North  America,  the  lizard  species  Odaxosaurus  piger, 
Contogenys  sloani,  Palaeosaniwa  canadensis,  and  Exostinus 
lancensis  are  known  from  strata  on  both  sides  of  the  K-T 
boundary.  Lizards  for  the  most  part  are  best  documented  in 
Cenozoic  strata.  Numerous  lizard  families  are  known  from 
species  that  diversified  in  Tertiary  time,  many  in  the  early 
Paleogene.  Terrestrial  lizard  diversity  was  not  affected  by  the 
K-T  transition,  with  the  exception  of  changes  in  geographic 


distribution  for  some  groups,  such  as  the  teiids.  The  aquatic 
lizards,  mosasaurs,  reached  their  zenith  in  terms  of  species 
diversity,  prior  to  the  late  Maastrichtian  and  no  represen- 
tatives of  this  once  diverse  group  are  known  with  certainty 
from  late  Maastrichtian  marine  rocks.  Amphisbaenians  are 
not  known  from  the  Late  Cretaceous  and  are  still  a very  rare 
component  of  reptilian  species  known. 

Crocodilians  from  the  Late  Cretaceous  and  early  Paleogene 
have  not  been  studied  in  the  detail  necessary  to  assess  ac- 
curately the  precise  number  of  species  that  cross  the  Creta- 
ceous-Tertiary boundary.  However,  the  genus  Leidyosuchus 
is  known  from  both  sides  of  the  K-T  boundary  and  it  is  clear 
that  crocodilians  in  general  were  certainly  an  abundant  part 
of  the  reptilian  component  for  both  the  Late  Cretaceous  and 
early  Paleogene  herpetofaunas  and  were  well  established  on 
both  sides  of  the  K-T  boundary.  It  is  doubtful  that  croco- 
dilian species  diversity  differed  significantly  in  post-Creta- 
ceous  time,  a fact  that  is  commonly  pointed  out  by  pale- 
ontologists citing  the  crocodilians  as  one  of  the  true  success 
stories  of  the  K-T  transition. 

The  most  controversial  taxa,  in  terms  of  their  “conspic- 
uous absence”  in  post-Cretaceous  strata,  are  of  course  the 
“dinosaurs”  (traditional  or  paraphyletic  sense).  As  I have 
outlined  above,  many  of  the  recognized  primitive  dinosaurs 
experienced  major  declines  in  diversity  of  species  well  before 
late  Maastrichtian  times.  These  include  the  Ankylosauridae, 
Caenagnathidae,  the  taxon  Carnosauria  (including  the  family 
Tyrannosauridae),  Ceratopsidae,  Dromaeosauridae,  Elmi- 
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sauridae,  Hadrosauridae,  “Hypsilophodontidae,”  “Iguano- 
dontidae,”  Nodosauridae,  Ornithomimidae,  Pachycephalo- 
sauridae,  Pachyrhinosauridae,  Protoceratopsidae,  the  taxon 
Sauropodomorpha  (including  the  family  Titanosauridae),  and 
the  Segnosauridae.  All  of  these  groups  either  became  extinct 
or  were  severely  reduced  in  number  of  species,  without  ex- 
ception, before  the  late  Maastrichtian.  A few  groups  include 
three  or  fewer  taxa  (Caenagnathidae,  Elmisauridae,  Troo- 
dontidae,  and  Segnosauridae)  and  thus  in  themselves  are  not 
diverse.  Contrary  to  the  arguments  of  Russell  (1975,  1979, 
1982b,  1982d)  based  principally  on  numbers  of  specimens 
rather  than  species,  “dinosaur”  species  were  more  diverse 
earlier  in  the  Late  Cretaceous  and  are  represented  by  few 
species  in  late  Maastrichtian  strata  (Ankylosauridae,  Dro- 
maeosauridae,  Hadrosauridae,  “Hypsilophodontidae,”  Or- 
nithomimidae, Pachycephalosauridae,  and  the  Carnosauria) 
which  argues  vigorously  against  the  concept  of  a mass  ex- 
tinction of  dinosaurs  at  the  end  of  the  Cretaceous  Period. 
Only  12  to  14  species  of  dinosaurs  (paraphyletic  sense)  are 
considered  to  be  of  late  Maastrichtian  age  (Table  3). 

The  pterosaurs  clearly  had  their  heyday  prior  to  the  close 
of  the  Cretaceous  Period,  having  reached  their  maximum 
species  diversity  in  Late  Jurassic  to  early  Late  Cretaceous 
(Campanian)  times.  Ichthyosaurs  and  plesiosaurs  also  ex- 
perienced maximum  species  diversity  and  extinction  before 
the  end  of  the  Late  Cretaceous.  All  these  three  groups  clearly 
experienced  dwindling  numbers  of  species  in  response  to 
their  shrinking  habitat,  the  draining  shallow  epicontinental 
seas  of  the  Late  Cretaceous. 


Thus,  there  is  no  overwhelming  evidence  to  support  an 
isochronous  mass  extinction  of  dinosaurs,  marine,  flying  or 
other  terrestrial  reptiles  at  the  close  of  the  Cretaceous.  Cat- 
astrophic mass  extinction  theories  are  flawed  because  they 
cannot  account  for  the  selectivity  of  the  extinction  of  dino- 
saurs and  these  theories  fail  to  recognize  basic  phylogenetic 
relationships.  The  apparent  reduction  of  primitive  dinosau- 
rian  taxa  at  the  end  of  the  Cretaceous  Period  appears  to  have 
coincided  with  the  radiation  of  the  more  advanced  dinosaurs 
(birds),  during  this  time  in  geologic  history.  Because  Aves  is 
included  as  a clade  within  the  Dinosauria  (Bakker  and  Gal- 
ton,  1974;  Bakker,  1975;  Cracraft,  1986;  Gauthier,  1986), 
the  apparent  radiation  of  Aves  concurrent  with  the  decline 
of  primitive  dinosaurian  taxa  (as  suggested  by  the  waning 
stage  of  Zhao,  1983),  is  an  interesting  point  of  fact.  Evidence 
for  major  avian  speciation  in  the  Late  Mesozoic  has  been 
given  recently  by  Sibley  and  Ahlquist  (1986)  and  the  group’s 
proliferation  during  the  Cenozoic  demonstrates  that  these 
dinosaurs  are  as  successful  as  their  Mesozoic  counterparts. 
Restriction  of  the  term  “dinosaur”  to  include  only  those  taxa 
represented  by  the  more  archaic  Mesozoic  forms,  exclusive 
of  the  birds,  results  in  a group  that  is  unnatural,  which  it  is 
not.  Cracraft  (1986:384)  succinctly  stated  that  “.  . . if  one 
excludes  avian  groups,  the  taxon  Theropoda  itself  is  an  un- 
natural (paraphyletic)  group.  . . .”  This  fact  alone  argues 
against  a major  isochronous  catastrophic  mass  extinction  of 
dinosaurs. 
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ABSTRACT.  Politolana  wickstenae,  a new  species  of  cirolanid  iso- 
pod inhabiting  the  continental  slope  (488-600  m)  in  the  northern 
Gulf  of  Mexico  is  described  and  figured.  The  genus  now  contains  7 
species,  and  is  restricted  to  the  north  and  south  Atlantic  Ocean.  The 
genus  Politolana  is  redescribed,  and  a key  to  6 genera  of  Bruce’s 
(1986)  ^'Conilera  genus-group”  is  presented  {Conilera,  Orphelana, 
Politolana.  Dolicholana,  Conilorpheus,  Natatolana).  Oncilorpheits  is 
herein  removed  from  this  group. 

INTRODUCTION 

In  1985  M.K.  Wicksten  of  Texas  A&M  University  began  a 
deep-water  sampling  program  utilizing  baited  traps  placed 
at  depths  of  400-800  m in  the  Gulf  of  Mexico.  Wicksten  was 
interested  in  recovering  live  specimens  of  large  benthonic 
crustaceans,  particularly  crabs  and  the  giant  cirolanid  isopod 
Bathynomus  giganteus.  Along  with  these  crustaceans,  her 
traps  also  captured  numerous  specimens  of  the  new  isopod 
described  in  this  paper.  This  new  species  belongs  to  a genus- 
group  of  Cirolanidae  informally  recognized  by  Bruce  (1986) 
and  Botosaneanu  et  al.  (1986),  and  closely  corresponding  to 
the  “CoM/Vcra-group”  of  Monod  (1930).  According  to  Bruce 
(1986),  this  genus-group  contains  7 genera:  Politolana  Bruce, 
1981;  Conilera  Leach,  1818;  Conilorpheus  Stebbing,  1905; 
Dolicholana  Bruce,  1986;  Natatolana  Bruce,  1981;  Oncilor- 
pheiis  Paul  and  Menzies,  1971;  and  Orphelana  Bruce,  1981 
(Bruce,  1986).  Bruce  characterized  this  genus-group  by  the 
following  features;  antennal  peduncle  articles  3 and  4 sub- 
equal in  length;  pereopod  dactyls  without  a secondary  unguis; 
anterodistal  margins  of  ischium  and  merus  of  pereopods  I- 
III  produced;  abundant  long  setae  on  posterior  pereopods; 
no  ornamentation  on  body  somites;  and  frontal  lamina  usu- 
ally flat  and  narrow. 

In  keeping  with  terminology  currently  used  in  cirolanid 
systematics,  we  use  the  terms  “seta/setae”  to  refer  to  long, 
thin,  flexible,  often  ornamented  (plumose,  etc.),  articulated, 
cuticular  processes;  and  the  term  “spine”  to  refer  to  stout, 
robust,  rigid,  unornamented,  articulated,  cuticular  processes. 
The  following  abbreviations  are  used  in  this  paper:  LACM, 

Contributions  in  Science,  Number  392,  pp.  1-10 
Natural  History  Museum  of  Los  Angeles  County,  1987 


Los  Angeles  County  Museum  of  Natural  History,  Los  An- 
geles, CA;  USNM,  National  Museum  of  Natural  History, 
Washington,  D.C.;  SAfM,  The  South  African  Museum,  Cape 
Town,  South  Africa;  ZMC,  Zoologisk  Museum,  Copenhagen, 
Denmark;  MCZ,  Museum  of  Comparative  Zoology,  Harvard 
University,  Cambridge,  Massachusetts;  BMNH,  British  Mu- 
seum (Natural  History),  London,  England;  PMS,  plumose 
marginal  setae. 

SYSTEMATICS 
Order  Isopoda 
Suborder  Flabellifera 
Family  Cirolanidae 
Politolana  Bruce,  1981 

Type  Species.  Aega polita  Stimpson,  1853  (by  designation; 
Bruce,  1981). 

Diagnosis.  Cirolanidae  with  short  antennules  and  antennae 
and  large,  smooth  (unornamented)  bodies,  2-6.5  times  longer 
than  broad.  Eyes  often  reduced.  Pereonite  I usually  about 
twice  length  of  pereonite  11.  Antennule  short,  peduncle  of  4 
articles,  article  3 longest,  article  4 minute.  Antenna  short, 
peduncle  of  5 articles,  articles  1-2  short,  3-5  manifestly  lon- 
ger than  1 -2  and  progressively  longer  distally.  Frontal  lamina 
usually  long  and  narrow,  2-3  times  longer  than  broad;  sessile; 
clypeus  flat.  Mouthparts  similar  to  Cirolana.  Pereopods  I- 
III  “ambulatory.”  Pereopods  I-III  ischium  and  merus  pro- 
duced anterodistally;  with  long  spines  and  setae.  Pereopods 
IV-VII  “natatory”;  ischium  and  merus  flattened  and  broad- 
ening distally;  all  articles  generally  with  long  setae.  Pleon  of 
5 free  somites,  plus  pleotelson;  pleonite  5 with  lateral  margins 
overlapped  by  4.  Pleotelson  and  uropods  with  marginal  spines 
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and  PMS;  uropod  peduncle  strongly  produced  medially;  lat- 
eral (outer)  margin  of  endopod  with  distal  notch;  exopod  fails 
to  reach  endopodal  notch,  or  extends  beyond  endopodal  notch; 
endopod  much  broader  than  exopod.  Pleopod  rami  all  with 
PMS  except  endopod  of  pleopod  5;  pleopod  1 peduncle  about 
as  long  as  broad;  pleopod  1 endopod  half  as  wide  as  exopod; 
pleopod  2 of  male  with  appendix  masculina  arising  sub- 
basally  and  extended  slightly  past  apex  of  endopod  (appendix 
masculina  arises  submedially  in  P.  exima,  Bruce,  in  Hit.). 

REMARKS.  Bruce’s  (1981)  original  description  of  Poli- 
tolana  did  not  include  a description  of  the  type  species.  We 
have  examined  types  of  P.  obtusispina  (Kensley,  1975)  (ho- 
lotype  and  paratypes),  P.  eximia  (Hansen,  1890)  (syntypes), 
and  P.  impressa  (syntypes),  as  well  as  nontype  material  of  P. 
conchanun  (Stimpson,  1 853),  P. (Stimpson,  1853),  and 
P.  niicropthalma  (Hoek,  1882).  The  emended  diagnosis  pre- 
sented above  is  based  on  our  examination  of  this  material. 
In  addition,  we  note  the  following.  Bruce  stated  that  antennal 
peduncle  articles  3-5  are  subequal,  but  judging  from  his  fig- 
ures, and  our  examination  of  specimens,  descriptions,  and 
figures  of  species  in  this  genus,  articles  3-5  are  progressively 
longer.  Bruce  described  the  peduncle  of  pleopod  1 as  being 
“as  long  as  broad.”  However,  some  variation  in  this  ratio 
occurs,  and  in  P.  wickstenae  new  species  the  peduncle  is 
slightly  wider  than  long  (width  = about  1.14  times  length). 
In  all  cases  though,  the  shape  is  basically  squarish,  as  opposed 
to  the  rectangular  shape  (width  much  greater  than  length)  of 
this  article  in  most  cirolanid  genera.  Bruce  described  the  body 
as  2-3  times  as  long  as  broad,  but  the  type  species  is  about 
4 times  longer  than  broad,  and  P.  wickstenae  is  6-6.5  times 
longer  than  broad.  Bruce  noted  that  pereonite  I is  half  as 
long  as  pereonite  II  in  this  genus.  This  was  surely  a simple 
lapsus,  as  the  opposite  is  actually  the  case. 

Bruce  (1981)  discussed  similarities  of  Politolana  to  other 
genera  in  the  "Conilera  genus-group.”  Whether  or  not  the 
"''Conilera  genus-group”  (sensu  Bruce,  1986)  is  a natural 
(monophyletic)  group  remains  to  be  tested  by  phylogenetic 
analysis  of  the  Cirolanidae,  a large  family  containing  ap- 
proximately 45  genera  and  about  300  species.  In  any  case, 
Oncilorpheus  should  not  be  considered  part  of  the  “Conilera 
genus-group,”  since  it  lacks  almost  all  the  characters  listed 
by  Bruce  that  define  the  group  (e.g.,  the  ischium  of  pereopods 
I-III  is  not  produced  on  the  anterodistal  margin,  abundant 
long  setae  are  not  present  on  the  posterior  pereopods,  the 
frontal  lamina  is  not  narrow).  Bruce’s  placement  of  Oncilor- 
pheus in  the  “Co«//cra-group”  was  based  solely  on  a review 
of  the  literature  (Bruce,  in  Hit.).  The  frontal  laminae  of  Or- 
phelana,  Dolicholana,  and  Conilorpheus  also  do  not  fit  Bruce’s 
genus-group  diagnosis;  in  Orphelana  the  lamina  is  short  and 
triangular,  and  in  the  other  two  genera  it  is  somewhat  pro- 
jecting (see  following  key).  Natatolana  and  Politolana  may 
be  paraphyletic  genera,  because  they  seem  to  have  no  clearly 
unique  synapomorphies  that  distinguish  them. 

Most  species  in  the  ‘"Conilera  genus-group”  have  flattened 
pereopodal  articles,  and  in  many  cases  these  articles  bear 
long  setae,  especially  on  pereopods  V-VII.  Such  pereopods 
are  typically  referred  to  in  the  literature  as  “natatory  legs.” 
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However,  in  many  cases  it  appears  that  flattening  of  the  leg 
articles  is  associated  with  the  development  of  a concave  inner 
surface,  allowing  the  adjacent  distal  article  to  collapse  into 
the  more  proximal  article(s)  in  a jackknifelike  fashion.  This 
arrangement  suggests  that  the  pereopods  may  be  folded  tight- 
ly against  the  body,  perhaps  for  streamlining  when  the  animal 
swims. 

Key  to  the  Genera  of  the  “‘Conilera  Genus-Group.” 

la.  Uropod  endopod  with  notch  on  lateral  (outer)  margin; 
pereopod  VII  basis  without  median  longitudinal  row  of 

setae  along  outer  surface  2 

b.  Uropod  endopod  without  notch  on  lateral  (outer)  margin 
(except  Natatolana  variguberna)-,  pereopod  VII  basis  with 

or  without  row  of  setae  along  outer  surface  4 

2a.  Pleopods  1 operculate  to  all  others;  pleopod  1 peduncle 
markedly  longer  than  wide;  labrum  wider  than  clypeus 

Conilera 

b.  Pleopods  1 not  operculate  to  others;  pleopod  1 peduncle 
width  subequal  to  length;  clypeus  as  wide  or  wider  than 

labrum  3 

3a.  Antennule  flagellum  shorter  than  peduncle;  frontal  lam- 
ina small,  short,  and  triangular;  body  length  2. 5-3.0  times 

width  Orphelana 

b.  Antennule  flagellum  longer  than  peduncle;  frontal  lam- 
ina long  and  narrow;  body  length  2.0-6. 5 times  width 

Politolana 

4a.  Endopods  of  pleopods  3 and  4 without  PMS;  frontal 
lamina  projects  posteroventrally;  antennule  peduncle  ar- 
ticle 4 longest  Dolicholana 

b.  Endopods  of  pleopods  3 and  4 with  PMS;  frontal  lamina 
not  projecting  posteroventrally;  antennule  peduncle  ar- 
ticle 3 longest,  article  4 minute,  often  partly  fused  . . 5 
5a.  Peduncle  of  pleopod  1 width  equal  to  length;  frontal 
lamina  projects  anteriorly,  wide,  and  multidentate;  per- 
eopods V-VII  without  median  longitudinal  row  of  long 
setae  along  outer  face,  and  without  cluster  of  long  setae 

on  posterodistal  margin  Conilorpheus 

b.  Peduncle  of  pleopod  1 wider  than  long;  frontal  lamina 
flat,  not  projecting,  narrow,  and  not  multidentate;  per- 
eopods V-VII  basis  with  median  longitudinal  row  of 
long  setae  along  outer  face,  and  with  cluster  of  long  setae 
on  posterodistal  margin  Natatolana 

Politolana  wickstenae  new  species 

Material  Examined.  Holotype  (LACM  type  No.  3008): 
Nongravid  female  24.75  mm  long,  NE  Gulf  of  Mexico, 
28°22.89'N,  86°14'W,  approx.  488  m,  17  May  1985,  R/V 
Citation.  Coll.  M.K.  Wicksten  & B.  Cocke,  baited  bottom 
trap.  Paratypes  (LACM  type  No.  3009):  3 nongravid  females, 
24.26  mm,  26.07  mm,  and  26.57  mm,  same  collection  data 
as  holotype.  Paratypes  (LACM  type  No.  3010):  2 nongravid 
females  27.89  mm  and  30.53  mm  long,  NW  Gulf  of  Mexico, 
May  1985,  R/V  Citation,  Coll.  M.K.  Wicksten.  Paratypes 
(LACM  type  No.  3011):  3 nongravid  females  25.41  mm, 
27.23  mm,  and  27.38  mm,  NE  Gulf  of  Mexico,  28°22.89'N, 
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86°25.20'W,  500-600  m,  June  1985,  R/V  Citation.  Coll. 
M.K.  Wicksten  and  B.  Cocke,  baited  bottom  trap.  Paratype: 
1 nongravid  female,  32.67  mm,  deposited  USNM,  same  data 
as  LACM  3011.  Paratypes:  (LACM  type  No.  3012)  32  fe- 
males, 2 males  (15.80  mm,  18.20  mm),  “same  general  area” 
as  LACM  3011,  September,  1986,  R/V  Citation.  Coll.  M.K. 
Wicksten  and  B.  Cocke,  baited  bottom  trap  (specimens  in 
poor  condition). 

Comparative  Material  Examined.  Cirolana  {=Politolana) 
obtusispina:  2 paratypes,  SAfM.  Cirolana  (=Politolana)  ex- 
imia:  2 syntypes,  ZMC;  4 nontype  specimens,  USNM.  Cir- 
olana (=Politolana)  impressa:  4 syntypes,  MCZ;  1 nontype 
specimen,  MCZ;  2 nontype  specimens,  USNM.  Politolana 
concharum:  27  nontype  specimens,  MCZ;  2 nontype  speci- 
mens, BMNH;  18  nontype  specimens,  USNM.  Politolana 
polita:  22  nontype  specimens,  MCZ;  7 nontype  specimens, 
USNM. 

Key  Diagnostic  Characters.  Large,  length  to  at  least  32.7 
mm;  body  6-6.5  times  longer  than  broad.  Eyes  greatly  re- 
duced, with  or  without  remnants  of  cuticular  ommatidial 
facets.  Frontal  lamina  3-4  times  longer  than  broad,  con- 
stricted medially,  in  dorsal  view  not  extended  anteriorly  be- 
yond basal  articles  of  antennules.  Clypeus  short  and  broad, 
5-6  times  wider  than  long,  wider  than  labrum.  Labrum  pos- 
terior margin  markedly  concave.  Antennules  not  reaching 
posterior  margin  of  cephalon.  Antennae  not  quite  reaching 
posterior  margin  of  pereonite  1.  Coxal  plates  not  visible  in 
dorsal  aspect,  but  large  and  distinct  in  lateral  and  ventral 
aspects,  III-VII  extended  beyond  posterior  margins  of  their 
respective  segments.  Pereopods  I-III  ischium  and  merus  in- 
ner distal  margins  produced  as  a scoop-shaped  process  into 
which  adjacent  distal  articles  collapse.  Pleonite  1 entirely 
covered  by  pereonite  VII.  Pleopod  5 endopod  of  female  with 
large  proximal  accessory  lobe.  Pleotelson  and  uropods  with 
marginal  spines  and  PMS,  as  figured.  Uropod  peduncle  pro- 
duced medially,  but  process  shorter  than  exopod;  exopod 
does  not  reach  endopodal  notch;  marginal  notch  of  endopod 
with  1 spine  and  1 circumplumose  seta;  exopod  subovate, 
with  1 large  apical  spine,  2 spines  on  inner  (medial)  margin, 
and  1 spine  on  outer  (lateral)  margin;  endopod  with  8 apical 
spines  and  several  blunt  outer  (lateral)  spines  near  notch. 
Male  appendix  masculina  arising  sub-basally,  tapering  evenly 
to  the  apex. 

Description.  Body  elongate,  smooth,  6-6.5  times  as  long 
as  wide.  Large,  females  to  at  least  32.7  mm,  males  to  at  least 
1 8.2  mm  in  length.  Eyes  reduced;  some  specimens  with  rem- 
nants of  ommatidia  and  cuticular  facets,  others  without  dis- 
crete ommatidia  or  facets  and  only  with  scattered  subcuticu- 
lar pigmentation.  Faint  suture  line  on  dorsal  surface  of 
cephalon  between  frontal  margin  and  eyes  (Figure  1 ). 

Frontal  lamina  3-4  times  longer  than  broad,  constricted 
medially,  barely  visible  dorsally,  projecting  between  basal 
articles  of  antennules  but  not  extended  beyond  them;  clypeus 
short  and  very  broad,  5-6  times  wider  than  long;  labrum 
broad  but  narrower  than,  and  weakly  immersed  in,  clypeus, 
markedly  concave  on  posterior  margin  (Figures  3c,  5a-c). 
Antennules  and  antennae  both  separated  by  frontal  lamina 


Figure  1.  Dorsal  view  of  female  holotype  (LACM  type  No.  3008) 
(setules  of  PMS  on  pleotelson  and  uropods  omitted). 
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Figure  2.  a,  maxilliped.  b,  maxillule.  c,  right  mandible,  d,  maxilla,  e,  pereopod  I.  f,  pereopod  VII.  g,  pereopod  IV  (all  from  holotype). 
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Figure  3.  a,  antennule.  b,  antenna,  c,  frontal  lamina,  clypeus,  and  labrum.  d,  pleopod  1.  e,  pleopod  2.  f,  pleopod  3.  g,  pleopod  4.  h,  pleopod 
5.  i,  pleopod  2 (male)  (a-h  from  holotype  (female);  i from  male  paratype,  LACM  type  No.  3012). 
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Figure  4.  Right  uropod,  female  paratype  (LACM  type  No.  3012). 


(Figures  3c,  5a,  c).  Antennule  not  reaching  posterior  margin 
of  cephalon,  peduncle  of  4 articles,  article  4 minute;  in  dorsal 
aspect,  article  2 appearing  to  arise  at  right  angle  from  article 
1 , this  appearance  resulting  from  sub-triangular  shape  of  first 
article;  flagellum  longer  than  peduncle,  with  1 1 articles  (Fig- 
ure 3a).  Antennae  not  quite  reaching  posterior  margin  of 
pereonite  I;  flagellum  of  10-14  articles  (Figure  3b). 

Both  mandibles  with  prominent  tricuspate  incisor  process, 
outer  cusp  markedly  longer  than  others  (Figures  2c,  6a);  mo- 
lar process  with  short  stout  spines  along  upper  border,  short 
fine  setae  on  lower  border,  and  numerous  long  setae  on  flat 
surface  (Figures  2c,  6c,  d);  lacinia  mobilis  well  developed, 
with  stout  spines  (Figures  2c,  6b);  distal  article  of  palp  with 
apical  pectinate  setae;  middle  article  of  palp  longest,  with 
simple  setae  (Figure  2c).  Maxillule  lateral  (outer)  lobe  with 
10-13  stout  apical  spines;  medial  (inner)  lobe  with  3 robust, 
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circumplumose  spines  and  0-1  smaller  spines  (Figures  2b, 
7d).  Maxilla  with  simple  and  plumose  setae  (Figures  2d,  7f), 
as  figured.  Maxilliped  slender;  basis  elongate,  palp  5-artic- 
ulate,  all  articles  with  long  setae;  endite  short  with  2 small 
coupling  hooks  (Figures  2a,  7a,  c). 

Pereonites  IV-VII  considerably  longer  than  pereonites  II 
and  III;  pereonite  VII  about  2'/2  times  longer  than  pereonite 
II.  Coxal  plates  large  and  compact  on  pereonites  II-VII,  not 
visible  in  dorsal  aspect  but  distinct  and  visible  in  lateral  and 
ventral  aspects;  coxae  increasing  in  size  and  acuteness  pos- 
teriorly, III-VII  extending  beyond  posterior  margins  of  their 
respective  pereonites.  Pereopods  I-III  with  abundant  long 
setae,  simple  and  bifid  spines;  basis  concave  on  medial  (inner) 
margin,  receiving  ischium;  ischium  and  merus  with  scoop- 
shaped distal  processes  into  which  adjacent  distal  articles 
collapse;  carpus  very  short;  dactylus  slightly  curved  (Figures 
2e,  7e).  Basis  of  pereopods  V-VII  somewhat  concave  on 
medial  (inner)  margin  (as  in  I-III);  with  abundant  setae  of 
various  sizes;  dactylus  slightly  curved  (Figures  2f,  g). 

Pleon  comprising  5 free  pleonites  plus  pleotelson,  devoid 
of  tubercles  and  setae.  Pleonite  1 completely  overlapped  by 
pereonite  VII;  1 and  5 narrower  than  2-4.  Pleotelson  with 
abundant  PMS  and  a few  scattered,  minute,  spines  on  mar- 
gin; number  of  marginal  spines  uncertain  as  most  are  lost  in 
preserved  specimens.  Uropodal  endopod  and  exopod  with 
PMS  and  spines  as  figured  (Figure  4);  peduncle  produced 
medially  but  failing  to  reach  apex  of  exopod;  endopod  reach- 
ing, or  barely  exceeding  pleotelson  apex;  exopod  short,  not 
reaching  notch  of  endopod;  exopod  slender  subovate,  never 
as  broad  as  endopod;  lateral  (outer)  margin  of  endopod  with 
distal  notch  containing  1 spine  and  1 circumplumose  seta; 
endopod  with  8 apical/subapical  spines  and  several  blunt 
outer  (lateral)  spines  near  notch;  exopod  with  1 large  apical 
spine,  2 spines  on  inner  (medial)  margin,  and  1 spine  on 
outer  (lateral)  margin  (uropodal  setae  and  spines  are  easily 
lost  in  preserved  specimens). 

Pleopodal  rami  undivided  (Figures  3d-i).  Pleopods  1-4 
with  4-6  coupling  spines  on  medial  margin  of  peduncle;  pleo- 
pod  5 without  coupling  spines,  and  with  proximal  accessory 
lobe  on  endopod  in  female;  2-4  with  small  lobe  on  medial 
and  lateral  margin  of  peduncle.  Male  appendix  masculina  on 
pleopod  2 arising  sub-basally,  long  and  slender,  tapering 
evenly  and  extending  slightly  past  endopod  apex  (Figure  3i); 
penes  separate,  flattened,  long  (about  as  long  as  ischium  or 
merus  of  pereopod  VII). 

Remarks.  Of  the  44  specimens  in  the  type  series,  only  2 
are  males,  and  these  are  markedly  smaller  than  all  remaining 
females  in  the  type  series.  These  data  suggest  the  possibility 
of  protandry  in  this  species. 

There  are  now  7 described  species  of  Politolana.  All  are 
offshore  benthic  creatures  taken  from  depths  of  35-640  m. 
At  least  1 {P.  concharum)  has  been  taken  in  the  water  column, 
indicating  that  it  is  capable  of  swimming.  Interestingly,  none 
occur  outside  the  Atlantic  Ocean.  All  previously  described 
North  American  species  have  been  reported  only  from  the 
New  England  coast.  The  genus  now  includes:  P.  wickstenae 
new  species,  northern  Gulf  of  Mexico;  P.  polita  (Stimpson, 
1853),  NW  Atlantic  (Bay  of  Fundy  to  Massachusetts);  P. 
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Figure  5.  Scanning  electron  micrographs  of  female  paratype  (LACM 
type  No.  3011).  a,  ventral  view  of  antennules,  antennae,  frontal 
lamina,  clypeus,  and  labrum  (25  x).  b,  ventral  view  of  clypeus  and 
labrum  (55  x),  c,  ventrolateral  view  of  antennules,  antennae,  frontal 
lamina,  clypeus,  and  labrum  (50  x). 

conchamm  (Stimpson,  1853),  NW  Atlantic  (Nova  Scotia  to 
South  Carolina);  P.  impressa  (Harger,  1883),  NW  Atlantic 
(Maryland  to  New  Jersey);  P.  eximia  (Hansen,  1890),  Brazil; 
P.  micropthalma  (Hoek,  1882),  Europe;  and  P.  obtusispina 
(Kensley,  1975),  South  Africa.  As  Bruce  (1981)  pointed  out, 
species  in  this  genus  are  all  very  similar  to  one  another.  None 
of  the  6 previously  described  species  has  been  adequately 
diagnosed  or  figured,  and  types  were  not  designated  for  any 
but  Kensley’s  South  African  P.  obtusispina.  The  type  species 
{P.  polita)  has  never  been  properly  described.  When  Stimp- 


son (1853)  erected  P.  concharum  he  did  not  actually  describe 
it,  but  simply  compared  it  as  an  addendum  to  his  description 
of  P.  polita.  The  best  available  descriptions  of  the  3 previ- 
ously described  North  American  species  are  those  of  Harger 
(1883),  although  it  is  not  clear  whether  Harger  utilized  type 
material  in  his  study.  Richardson  ( 1 905)  and  Kussakin  (1979) 
apparently  based  their  interpretations  of  these  species  on 
Harger’s  descriptions.  There  have  been  no  subsequent  studies 
of  the  North  American  Politolana.  Two  of  us  (RCB  & RW) 
are  currently  undertaking  a phylogenetic  and  biogeographic 
study  of  this  genus. 

Politolana  wickstenae  is  easily  differentiated  from  all  other 
known  species  of  Politolana  by  its  short  ovate  uropodal  exo- 
pods, which  fail  to  reach  the  endopodal  notch,  the  uniformly 
slender  appendix  masculina  of  males,  the  evenly  convex  pleo- 
telson  margin,  the  compactness  of  the  coxae  (not  visible  in 
dorsal  aspect),  and  the  unique  spination  of  the  legs  and  uro- 
pods.  Politolana  wickstenae  closely  resembles  P.  polita  and 
P.  impressa.  However,  these  species  differ  in  shape,  setation, 
and  spination  of  the  leg  articles,  pleotelson,  and  uropod  spi- 
nation, and  the  relative  length  and  shape  of  the  uropodal 
lamellae  (see  Harger,  1883  for  comparisons).  The  uropods 
of  P.  polita  and  P.  impressa  differ  from  those  of  P.  wickstenae 
in  having  long,  narrow,  scimitar-like  exopods  that  are  about 
the  same  length  as  the  inner  process  of  the  peduncle,  ex- 
tending at  least  to  or  beyond  the  endopodal  notch.  In  P. 
wickstenae  the  exopod  is  sub-acutely  ovate  and  shorter,  and 
never  extends  to  the  endopodal  notch.  Other,  more  subtle 
differences  exist  between  these  species,  such  as;  the  body  of 
P.  polita  is  more  robust  and  deeper  (in  the  dorso ventral  plane) 
than  that  of  P.  wickstenae;  the  frontal  lamina  of  P.  polita  is 
extremely  narrow,  but  manifestly  expanded  at  its  anterior 
end;  the  proximal  articles  of  the  antennule  peduncles  of  P. 
polita  are  so  close  together  as  to  be  touching  each  other  (this 
close  approximation  is  rare  in  P.  wickstenae)-,  and  the  lateral 
(outer)  lobe  of  the  peduncle  of  pleopods  2-4  is  large  in  P. 
impressa,  markedly  expanded  distally  (in  P.  wickstenae  this 
lobe  is  small,  and  primarily  expanded  proximally). 
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Figure  6.  Scanning  electron  micrographs  of  female  paratype  (LACM  type  No.  3011).  a,  mandible  (50  x).  b,  lacinia  mobilis  (200  x).  c,  molar 
process  and  lacinia  mobilis  (lOOx).  d,  molar  process  (lOOx). 


Etymology.  Politolina  wickstenae  is  named  for  M.K.  Wick- 
sten,  crustacean  biologist  and  professor  of  marine  biology  at 
Texas  A&M  University  who,  along  with  B.  Cocke,  collected 
the  type  material  of  this  species. 

Distribution.  Gulf  of  Mexico;  so  far  known  only  from  the 
vicinity  of  28°N,  86°W. 
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Figure  7.  Scanning  electron  micrographs  of  female  paratype  (LACM  type  No.  3011).  a,  maxilliped  ( 50  x ).  b,  maxillule,  lateral  lobe  ( 1 00  x ). 
c,  coupling  hooks  on  maxillipedal  endite  (500  x).  d,  maxillule,  medial  lobe  (200  x).  e,  pereopod  I,  distal  articles  (50  x).  f,  maxilla  (lOOx). 
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A NEW  ISOPOD  CRUSTACEAN  FROM  PACIFIC  PANAMA, 
EXCIROLANA  CHAMENSIS  NEW  SPECIES 
(ISOPODA:  FLABELLIFERA:  CIROLANIDAE) 

Richard  C.  Brusca*  and  James  R.  Weinberg^ 


ABSTRACT.  A new  species  of  cirolanid  isopod  is  described,  Ex- 
cirolana  chamensis  new  species,  with  remarks  on  its  distribution  and 
ecology.  Exdrolana  chamensis  is  currently  known  only  from  the 
littoral  zone  of  Pacific  Panama.  This  brings  the  number  of  nominate 
Exdrolana  species  in  the  eastern  Pacific  to  1 0.  Exdrolana  chamensis 
is  sympatric  with  the  widespread  E.  braziliensis,  and  several  addi- 
tional undescribed  species  in  this  genus.  Exdrolana  chamensis  is  a 
small  species  (length  2. 4-4. 3 mm),  that  can  be  quickly  distinguished 
from  the  similar  E.  braziliensis  by  its  2-articulate  mandibular  palp 
and  large  stellate  chromatophores,  as  well  as  other  characters. 

INTRODUCTION 

The  genus  Exdrolana  Richardson,  1912,  contains  17  rec- 
ognized species,  nine  of  which  have  been  reported  from  the 
east  Pacific;  E.  chiltoni  (Richardson,  1 905)  and  E.  lingiiifrons 
(Richardson,  1905)  from  the  temperate  northeast  Pacific;  E. 
chilensis  Richardson,  1912,  ii.  hirsuticauda  Menzies,  1962, 
and  E.  monodi  Carvacho,  1977,  from  Chile;  E.  braziliensis 
Richardson,  1912,  and  E.  mayana  (Ives,  1891)  from  the 
tropical  west  Atlantic  and  tropical  east  Pacific;  and  E.  koepckei 
(Bott,  1954)  and  E.  salvadorensis  (Schuster,  1954),  endemic 
to  the  tropical  east  Pacific.  Since  the  turn  of  the  century,  the 
status  of  many  of  these  species  has  been  confused,  and  nu- 
merous synonyms  and  homonyms  exist  in  the  literature.  The 
status  of  E.  koepckei  and  E.  salvadorensis,  which  were  syn- 
onymized  with  E.  braziliensis  by  Glynn  et  al.  (1975),  is  cur- 
rently being  reinvestigated,  and  several  additional  unde- 
scribed Exdrolana  species  are  known  to  exist  in  the  east 
Pacific.  The  east  Pacific  Exdrolana  are  currently  being 
monographed  by  R.  Brusca,  thus  the  above  species  will  not 
be  discussed  in  the  present  paper.  We  are  concerned  here 
only  with  E.  chamensis  new  species,  a species  very  similar 
in  appearance  to,  and  sympatric  in  the  east  Pacific  with,  E. 
braziliensis.  A fair  amount  of  ecological  research  has  already 
been  accomplished  based  on  the  assumption  that  there  is 
only  one  species  of  Exdrolana  (E.  braziliensis)  occurring  on 
tropical  east  Pacific  sand  beaches  (Dexter,  1972,  1974,  1976, 
1977,  1979;  Glynn  et  al.,  1975).  All  comparisons  to  E.  bra- 
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ziliensis  noted  below  are  based  on  examination  of  the  ho- 
lotype  of  E.  braziliensis  (USNM  Cat.  No.  43655,  off  Cape 
St.  Roque,  Brazil)  as  well  as  additional  collections  of  this 
species  from  the  Caribbean  and  east  Pacific.  The  following 
abbreviations  are  used  in  this  paper:  PMS,  plumose  marginal 
setae;  LACM,  Los  Angeles  County  Museum  of  Natural  His- 
tory; USNM,  U.S.  National  Museum  of  Natural  History, 
Smithsonian  Institution. 

SYSTEMATICS 
Order  Isopoda 
Suborder  Flabellifera 
Family  Cirolanidae 
Exdrolana  chamensis  new  species 

Material  Examined.  Holotype  (LACM  type  No.  3013): 
Panama,  near  Panama  City,  polluted  beach  near  old  part  of 
town  by  National  Theater;  15  Dec.  1984;  coll.:  J.  Weinberg; 
male,  length  4.3  mm.  Paratype  (LACM  type  No.  30 1 4):  same 
locality  and  collection  as  holotype;  1 male,  head  broken  from 
body.  Paratypes  (LACM  type  No.  30 1 5):  Panama,  near  Pan- 
ama City,  Pt.  Chame  Bay;  fine  sand  beach;  25  Sept.  1984; 
coll.:  J.  Weinberg;  5 adults  (lengths  2. 4-2. 6 mm),  3 mancas 
(length  1.7  mm  each).  USNM  Acc.  No.  365596:  Panama, 
near  Panama  City,  Pt.  Chame  Bay;  upper  intertidal,  fine  sand 
beach;  coll.:  J.  Weinberg;  5 adults  (lengths  3. 1-3.6  mm),  2 
mancas  (lengths  1.6-2. 3 mm). 

Type  Locality.  Pacific  Panama,  near  Panama  City,  Pt. 
Chame  Bay. 


1.  Invertebrate  Zoology  Section,  Natural  History  Museum  of  Los 
Angeles  County,  900  Exposition  Boulevard,  Los  Angeles,  California 
90007. 

2.  Woods  Hole  Oceanographic  Institution,  Woods  Hole,  Mas- 
sachusetts 02543. 
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Figure  1.  Excirolana  chamensis  new  species.  Holotype  (LACM  type  No.  3013).  Inset:  head  of  paratype  (LACM  type  No.  3015). 


Diagnosis.  Dorsal  surface  ornately  pigmented  with  stellate 
chromatophores,  occurring  in  band  between  eyes  on  cepha- 
lon,  in  median  row  on  pereon,  and  in  lateral  rows  on  pleon. 
Eyes  small,  interocular  distance  greater  than  width  of  one 
eye.  Antennules  longer  than  antennae;  antennule  peduncle 
2-articulate  because  articles  1 and  2 are  fused;  article  3 small, 
not  much  larger  than  hrst  flagellar  article.  Antenna  peduncle 
4-articulate,  articles  1-3  subequal,  article  4 longest.  Mandible 
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with  2-articulate  palp.  Maxilliped  with  single  coupling  hook. 
Pereopods  with  acute  spines  along  inner  margin  and  acute 
dactyls  (never  with  blunt  or  truncated  spines  or  dactyls); 
pereopod  I ischium  with  several  stout  spines.  Pereopod  VII 
ischium  without  lateral  spines.  Pleonite  1 not  hidden  by  per- 
eonite  VII.  Pleopod  5 endopod  fully  divided.  Pleotelson  pos- 
terior border  round,  without  marginal  spines.  Uropod  exo- 
pod nearly  twice  as  long  as  endopod,  with  6 long,  thin,  simple, 
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Figure  2.  A,  right  maxillule.  B,  right  maxilla.  C,  right  maxilliped.  D,  left  mandible  (from  male  paratype,  LACM  type  No.  3014). 


apical  spines,  2 large  medial  spines,  and  numerous  very  short 
medial  spines  or  denticles;  with  plumose  setae  on  medial 
margin  and  apex.  Uropod  endopod  extended  barely  to  pos- 
terior margin  of  pleotelson;  with  3 distomedial  spines,  and 
plumose  setae  along  distal  inner  and  outer  margins.  Flat 
surfaces  of  both  uropodal  rami  covered  with  very  fine  setae. 
Appendices  masculinae  of  males  arise  off  proximal  lamellar 
lobe  of  endopod,  'A  distance  up  base;  stout  and  short,  not 
reaching  apex  of  endopod.  Adults  2.4-4. 3 mm  long  (front  of 
cephalon  to  posteriormost  tip  of  pleotelson). 

Description.  Body  smooth  and  evenly  convex.  Cephalon 
with  a band  of  medial  chromatophores  between  eyes,  usually 
discemable  as  3 distinct,  separate  bands;  2 states  of  cephalic 
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chromatophore  pigment  dispersion  occur  in  the  type  series, 
state  1 being  a less  dispersed  state  (Figure  1),  and  state  2 
being  a more  dispersed  state  appearing  to  the  naked  eye 
almost  as  a black  band  across  the  head  (Figure  1,  inset).  J. 
Weinberg  has  seen  intermediate  forms  between  these  two 
extremes.  Eyes  small,  width  much  less  than  interocular  dis- 
tance. 

Antennules  long,  extending  to  pereonite  V;  peduncle 
2-articulate,  because  articles  1 and  2 are  fused;  article  3 not 
much  larger  than  first  article  of  flagellum;  flagellum  of  7-12 
(6  in  mancas)  articles.  Antennae  shorter,  extending  to  per- 
eonite IV;  peduncle  4-articulate,  articles  1, 2,  and  3 subequal, 

4 longest;  articles  2 and  3 with  small  denticles  or  spinules 
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on  inner  margin;  article  4 inner  margin  toothed  and  bearing 
simple  setae;  flagellum  of  9-1 1 articles  (8  in  mancas).  Al- 
though the  antennules  are  always  longer  than  the  antennae, 
both  tend  to  have  the  same  number  of  flagellar  articles  on 
any  given  individual.  Mandible  with  4-cusped  incisor,  with 
2 distolateral  horns;  inner  cusp  of  left  mandible  markedly 
elongate;  palp  2-articulate,  distal  article  with  2 lateral  setae 
and  2 long  apical  setae;  lacinia  and  molar  process  well  de- 
veloped; molar  process  not  extended  much  beyond  apex  of 
inner  tooth  of  incisor.  Maxillule  inner  lobe  with  3 stout  plu- 
mose setae  and  1 short  simple  seta;  outer  lobe  with  about  10 
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Stout  setae  and  1 slender  seta.  Maxilla  inner  lobe  with  3 
plumose  setae  and  about  9 simple  setae;  bifurcate  outer  lobe 
with  comb  spines  as  figured.  Maxilliped  with  5-articulate 
palp,  each  article  with  simple  setae;  endite  short,  extending 
to  middle  of  second  palp  article  and  bearing  a single  stout 
coupling  hook. 

Pereonite  I longest,  Il-VII  subequal  in  length,  widest  at 
IV-V;  median  row  of  stellate  chromatophores  on  pereonites 
I-VII  (chromatophores  always  present  on  pereonites  VI-VII, 
usually  present  on  IV-VII,  occasionally  present  on  I-III); 
chromatophores  usually  increasing  in  density  posteriorly; 
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coxal  plates  not  visible  in  dorsal  aspect.  Pereopods  all  with 
acute  dactyls  and  spines,  never  with  blunt  or  stout  truncate 
spines  or  dactyls.  All  pereopods  with  spines  on  inner  margin 
of  ischium  through  propodus,  as  figured.  Pereopod  VII  is- 
chium inner  margin  distinctly  notched  but  with  long  setae 
only  (no  spines). 

Pleonites  subequal  in  width  and  length;  all  pleonites  with 
lateral  chromatophores,  as  figured.  Submedian  depressions 
on  pleotelson  distinct;  chromatophores  encircle  depression, 
and  occur  centrally  within  it.  Posterior  border  of  pleotelson 
round,  but  with  minute,  barely  discernable,  truncate  apical 
region,  crenulate,  and  bearing  long  PMS.  Uropodal  endopod 
extended  barely  to  pleotelson  margin;  exopod  nearly  twice 
length  of  endopod;  both  rami  covered  with  minute  setae; 
peduncle  barely  expanded  on  inner  margin  and  with  PMS, 
but  with  3-5  stout  spines  on  outer  distal  margin.  Uropodal 
exopod  with  about  6 simple,  thin,  apical  spines,  2 large  me- 
dio-distal  spines,  and  numerous  minute  spines  or  denticles 
along  medial  margin;  PMS  on  inner  margin.  Uropodal  en- 
dopod with  3 stout  medial  spines,  and  PMS  as  figured;  lateral 
margin  with  a distinct  pit.  Pleopods  1-4  with  coupling  hooks; 
1-3  with  PMS  on  inner  margin  of  peduncle;  3-5  with  naked 
endopods;  1 with  very  narrow  endopod;  5 with  fully  divided 
endopod.  Appendix  masculinum  of  male  arises  from  prox- 
imal lamellar  lobe  of  endopod,  'A  distance  from  base;  stout 
and  short,  not  reaching  apex  of  endopod. 

Taxonomic  Remarks.  Excirolana  chamensis  is  a small 
species.  Specimens  of  the  type  series  range  from  2.4  to  4.3 
mm  in  total  length;  mancas  range  from  1.6  to  2.3  mm  in 
length.  Excirolana  chamensis  superficially  resembles  E.  bra- 
ziliensis,  but  can  quickly  be  differentiated  by  its  2-articulate 
mandibular  palp  (3-articulate  in  E.  braziliensis),  fully  divided 
endopod  on  pleopod  5 (not  fully  divided  in  E.  braziliensis), 
acute  spines  on  all  pereopods,  small  eyes,  and  distinct  uro- 
pods  on  which  the  exopod  bears  a cluster  of  6 fragile  simple 
setae  and  2 stout  inner  marginal  setae.  All  specimens  of  E. 
chamensis  we  have  examined  have  the  distinct,  large,  stellate 
chromatophore  pattern  shown  in  Figure  1 , which  also  quickly 
distinguishes  this  species  from  E.  braziliensis,  which  has  in- 
distinct, punctate,  or  minute  stellate  chromatophores.  We 
caution  workers  against  relying  on  this  character  alone  be- 
cause it  is  possible  that  the  chromatophores  also  occur  in  the 
punctate  state  in  E.  chamensis  (although  we  have  never  ob- 
served such  a case).  J.  Weinberg  has  preliminary  (unpub- 
lished) data  from  the  Chame  Bay  locality,  indicating  that  the 
2 cephalic  chromatophore  patterns  shown  in  Figure  1 each 
occur  in  about  25%  of  the  individuals,  while  intermediates 
comprise  about  50%  of  the  population.  Other,  more  subtle 
characters  that  serve  to  differentiate  E.  chamensis  from  E. 
braziliensis  include:  (1)  ischium  of  pereopod  I with  stout 
spines  on  inner  margin  (without  spines  in  E.  braziliensis)-, 
(2)  ischium  of  pereopod  III  with  a single  spine  on  inner 
margin  (with  several  spines  in  E.  braziliensis)-,  (3)  ischium 
of  pereopod  VII  without  marginal  spines  (with  several  spine 
clusters  or  rows  in  E.  braziliensis)-,  (4)  antenna  peduncle  ar- 
ticle 3 subequal  to  2 (longer  than  2 in  E.  braziliensis)-,  (5) 
maxilla  inner  lobe  with  PMS  only  on  inner  apical  margin 
(all  spines  on  inner  lobe  are  plumose  in  E.  braziliensis)-,  (6) 
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antennules  always  longer  than  antennae  (in  specimens  of  E. 
braziliensis  less  than  4 mm  long,  the  antennules  may  be 
shorter  than  the  antennae);  (7)  dorsal  curvature  (arching)  of 
body  much  greater  in  E.  chamensis:  (8)  marginal  pit  of  en- 
dopod shallow  in  E.  chamensis,  deep  in  E.  braziliensis.  The 
function  of  the  marginal  pit  on  the  uropodal  endopod  re- 
mains unknown,  but  seems  to  be  diagnostic  of  almost  all 
species  in  this  genus. 

Etymology.  Excirolana  chamensis  is  named  after  the  type 
locality,  Pt.  Chame  Bay,  Pacific  Panama. 

Ecological  Remarks.  We  have  not  performed  tests  to  mea- 
sure the  adaptive  value  of  the  distinct  dorsal  chromatophore 
pattern  of  E.  chamensis  as  possible  camouflage  from  visual 
predators.  Nonetheless,  the  high  densities  of  small  fishes  and 
shorebirds  in  the  surf  zone  at  Chame  Bay  (pers.  observ.,  J. 
Weinberg)  suggest  that  camouflage  may  be  important  to  the 
survival  of  these  isopods.  We  have  noticed  that,  unlike  the 
sediments  on  most  tropical  Pacific  beaches  that  are  fairly 
homogeneous  in  color,  Chame  Bay  beach  sand  is  very  het- 
erogeneous. To  the  naked  eye,  Chame  Bay  sand  is  spotted 
black  and  white.  The  size  of  the  black  sediment  particles  is 
approximately  the  size  of  the  stellate  chromatophore  region 
on  the  dorsum  of  E.  chamensis.  We  hypothesize  that  the 
chromatophore  pattern  of  this  species  is  adaptive  in  reducing 
intensity  of  predation  by  visual  feeders  at  Pt.  Chame  Bay. 
Such  an  adaptation  might  give  E.  chamensis  the  competitive 
edge  needed  to  co-exist  with  other  species  of  Excirolana  that 
occur  on  mixed  black/white  sand  beaches  in  the  tropical  east 
Pacific. 

Considering  that  species  of  the  genus  Excirolana  are  usu- 
ally the  most  abundant  macroscopic  invertebrates  occurring 
on  tropical  American  sand  beaches,  it  is  remarkable  that  this 
species,  and  others  yet  to  be  described,  have  not  been  dis- 
covered earlier.  A number  of  studies  have  been  published 
on  Excirolana  from  tropical  Pacific  American  shores  (Bott, 
1954;  Brusca,  1980;  Brusca  and  Iverson,  1985;  Dexter,  1972, 
1974,  1976,  1977,  1979;  Glynn  et  al.,  1 975;  Schuster,  1954; 
Schuster-Dieterichs,  1956;  Weinberg,  1985).  Most  of  these 
studies  were  allegedly  concerned  with  E.  braziliensis,  prob- 
ably the  most  common  species  in  this  region.  Excirolana 
chamensis  apparently  has  a highly  restricted  distribution.  We 
have  collected  it  only  from  the  Panama  City  area,  and  the 
Perlas  Islands  (i.e..  Pacific  coast  of  Panama,  between  79°  and 
80°W,  and  8°  and  9°N).  We  have  examined  thousands  of 
specimens  of  Excirolana  from  over  100  locations  in  the  east- 
ern Pacific,  ranging  from  Mexico  to  Chile,  plus  numerous 
samples  from  the  Caribbean  and  Brazil,  and  in  no  other 
collections  was  this  species  found. 

In  addition  to  its  restricted  range,  Excirolana  chamensis 
is  patchily  distributed.  Excirolana  chamensis  and  E.  brazil- 
iensis co-occur  on  at  least  four  beaches  in  Panama.  Based  on 
samples  collected  in  1984,  1985,  and  1986  by  J.  Weinberg, 

E.  chamensis  is  very  abundant  at  Pt.  Chame  Bay,  outnum- 
bering E.  braziliensis  by  at  least  9: 1 . This  is  the  only  location 
we  have  found  where  E.  chamensis  is  dominant.  It  has  also 
been  collected  from  the  following  beaches:  (1)  San  Telmo, 
in  the  Perlas  Islands  (by  S.  Garrity);  (2)  near  the  National 
Theater  in  Panama  City  (by  J.  Weinberg);  and  (3)  under  the 
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Figure  4.  A,  left  pleopod  1.  B,  left  pleopod  2.  C,  left  pleopod  3.  D,  left  pleopod  4.  E,  left  pleopod  5.  F,  uropod  (from  male  paratype,  LACM 
type  No.  3014), 
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Bridge  of  the  Americas,  at  the  Pacific  entrance  to  the  Panama 
Canal  (by  J.  Weinberg).  In  the  San  Telmo  collection,  the  ratio 
of  E.  chamensis  to  E.  hraziliensis  specimens  is  about  1:4; 
the  collection  from  the  Bridge  of  the  Americas  beach  has  a 
ratio  of  about  1:8.  Excirolana  chamensis  was  not  present  in 
collections  from  four  other  beaches  in  the  Panama  City  area 
that  contained  populations  of  E.  hraziliensis.  Beach  sand 
from  Pt.  Chame  Bay  is  barged  into  Panama  City  for  various 
commercial  purposes,  and  this  activity  could  have  intro- 
duced E.  chamensis  to  beaches  in  this  area  (e.g.,  the  “Na- 
tional Theater”  site  noted  above)  (Neal  Smith,  Smithsonian 
Tropical  Research  Institute,  pers.  comm.). 

In  a forthcoming  paper  by  R.  Brusca,  several  additional 
new  species  of  Excirolana  will  be  described  from  the  tropical 
eastern  Pacific  and  the  status  of  E.  hraziliensis  will  be  reas- 
sessed. At  least  one  of  the  new  species  also  occurs  in  the 
Panama  City  region.  Recognition  of  these  new  species  de- 
mands caution  in  interpretation  of  previous  studies  on  Ex- 
cirolana from  this  region. 
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STRATIGRAPHY  OF  THE  MIDDLE  MIOCENE  BOPESTA  FORMATION, 
SOUTHERN  SIERRA  NEVADA,  CALIFORNIA 

James  Patrick  Quinn' 


ABSTRACT.  The  middle  Miocene  Bopesta  Formation  is  part  of  a 
sequence  of  Tertiary  continental  sedimentary  and  volcanic  rocks 
exposed  in  the  southern  Sierra  Nevada,  California.  This  sequence 
has  been  divided,  from  oldest  to  youngest,  into  the  Witnet,  Kinnick, 
Bopesta,  and  Cache  Peak  formations.  The  Paleocene  (?)  Witnet  For- 
mation rests  on  an  erosional  surface  of  Cretaceous  granitic  rocks.  It 
is  overlain  with  angular  unconformity  by  the  early  Miocene  Kinnick 
Formation,  which  also  rests  on  the  granitic  basement.  The  Kinnick 
Formation  is  conformably  overlain  by  the  Bopesta  Formation,  with 
the  contact  defined  as  the  top  of  the  stratigraphically  highest  basalt 
unit  of  the  Kinnick  Formation.  The  Pliocene  (?)  Cache  Peak  for- 
mation of  Michael  (1960)  rests  with  angular  unconformity  on  the 
Bopesta  Formation. 

The  Bopesta  Formation  is  informally  divisible  into  four  units. 
The  lower  unit  consists  chiefly  of  lacustrine  and  marginal  lacustrine 
sediments.  Andesitic  agglomerate  and  breccia  is  intercalated  with 
and  overlies  the  lower  unit.  The  overlying  middle  and  upper  units 
are  composed  primarily  of  fluviatile  deposits.  The  greatest  exposed 
thickness  of  the  formation  is  about  2100  ft.  (640  m). 

Three  mammalian  assemblages  characterized  by  successive  equid 
range  zones  are  recognized  in  the  Bopesta.  The  late  Hemingfordian 
lower  assemblage  is  characterized  by  the  “Merychippus"  carhzoensis 
range  zone.  The  earliest  Barstovian  middle  assemblage  is  charac- 
terized by  the  “ Merychippus"  stylodontus  range  zone.  The  early 
through  late  Barstovian  upper  assemblage  is  characterized  by  the 
Merychippus  cf.  M.  intermontanus  range  zone.  The  Bopesta  For- 
mation is  biostratigraphically  correlative  with  formations  in  the  Mo- 
jave Desert,  and  in  the  Coast  and  Transverse  Ranges,  California. 
Deposition  of  the  Bopesta  Formation  occurred  between  17  and  14 
Ma. 


INTRODUCTION 

The  middle  Miocene  Bopesta  Formation  is  part  of  a sequence 
of  Tertiary  rocks  exposed  in  the  Cache  Peak  area  of  the 
southern  Sierra  Nevada,  located  northeast  of  Tehachapi  and 
northwest  of  Mojave,  Kern  County,  California  (Figure  1 ). 
Over  the  last  80  years,  geologic  and  paleontologic  investi- 
gations of  this  area  have  provided  a generalized  temporal 
and  stratigraphic  setting  of  this  sequence.  To  date,  however, 
there  has  not  been  a detailed  stratigraphic  study  of  the  Bo- 
pesta Formation.  Field  investigations  have  revealed  that  the 
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previous  definitions  and  characterizations  of  the  Bopesta 
Formation  are  inadequate.  Consequently,  new  criteria  are 
provided  here  to  define  the  stratigraphic  limits  of  the  Bopesta 
Formation.  The  objectives  of  this  paper  are  ( 1 ) to  demon- 
strate the  areal  distribution  and  vertical  relationships  of  rock 
units  in  the  type  area  of  the  Bopesta  Formation,  (2)  to  provide 
a detailed  stratigraphy  of  the  Bopesta  Formation,  (3)  to  in- 
terpret its  depositional  environment,  and  (4)  to  refine  its  age 
assignment  and  temporal  correlation. 

The  Tertiary  sequence  in  the  Cache  Peak  area  has  been 
divided,  from  oldest  to  youngest,  into  the  Witnet,  Kinnick, 
Bopesta,  and  Cache  Peak  formations.  Resting  on  an  erosional 
surface  of  Cretaceous  granitic  rocks,  the  Paleocene  (?)  Witnet 
Formation  is  overlain  with  angular  unconformity  by  the  early 
Miocene  Kinnick  Formation.  Previous  investigators  be- 
lieved that  the  Bopesta  Formation  rests  with  angular  uncon- 
formity on  the  Kinnick  Formation.  However,  as  shown  here, 
the  Kinnick  and  Bopesta  formations  are  conformable.  The 
Bopesta  Formation  is  unconformably  overlain  by  the  Plio- 
cene (?)  Cache  Peak  formation  of  Michael  (1960). 

As  defined  herein,  the  Bopesta  Formation  rests  conform- 
ably on  the  stratigraphically  highest  basalt  of  the  Kinnick 
Formation.  The  Bopesta  Formation  is  informally  divisible 
into  four  units.  The  lower  unit  consists  chiefly  of  lacustrine 
and  marginal  lacustrine  sediments.  Andesitic  agglomerate 
and  breccia  is  intercalated  with  and  overlies  the  lower  unit. 
The  overlying  middle  and  upper  units  consist  predominantly 
of  fluviatile  deposits.  The  exposed  thickness  of  the  formation 
is  approximately  2100  ft.  (640  m).  The  actual  thickness  may 
be  considerably  more. 

Three  faunal  assemblages  characterized  by  stratigraph- 
ically separated  equid  range  zones  are  recognized  within  the 
Bopesta  Formation.  The  lowest  assemblage,  characterized  by 
the  "^Merychippus"  carrizoensis  range  zone,  is  present  in  the 
lower  unit  and  the  lower  part  of  the  middle  unit  of  the  for- 
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mation.  The  middle  assemblage,  characterized  by  the 
""Merychippus”  stylodontus  range  zone,  is  present  in  the  lower 
part  of  the  middle  unit,  about  50  ft.  (15  m)  stratigraphically 
above  the  highest  locality  of  the  ""Merychippus"  carrizoensis 
range  zone.  The  upper  assemblage,  characterized  by  the 
Merychippiis  cf.  M.  intermontanus  range  zone,  is  stratigraph- 
ically separated  from  the  middle  assemblage  by  approxi- 
mately 70  ft.  (21  m)  and  is  present  from  the  middle  part  of 
the  middle  unit  into  the  upper  unit  of  the  formation. 

The  mammalian  biostratigraphy  established  here  for  the 
Bopesta  Formation  is  correlative  with  biostratigraphic  se- 
quences described  from  formations  in  the  Mojave  Desert  and 
in  the  Coast  and  Transverse  Ranges,  California.  Some  of 
these  formations  have  been  dated  by  radiometric  techniques. 
The  Bopesta  Formation  is  biostratigraphically  correlative  with 
the  late  Hemingfordian  through  late  Barstovian  North  Amer- 
ican Land  Mammal  Ages.  Based  in  part  on  biostratigraphic 
correlations  with  dated  sequences,  deposition  of  the  Bopesta 
Formation  occurred  between  approximately  1 7 and  1 4 Mega- 
annum (Ma). 

HISTORICAL  REVIEW 

Lawson  (1906),  in  his  discussion  of  the  geomorphology  of 
the  Tehachapi  Valley  system,  was  the  hrst  to  report  Tertiary 


volcanic  and  sedimentary  rocks  in  the  study  area.  He  de- 
scribed three  rock  units  exposed  in  the  vicinity  of  the  Cable 
and  Tehachapi  railroad  sidings.  These  rock  units  appear  to 
correspond  with  the  Witnet,  Kinnick,  and  Bopesta  forma- 
tions subsequently  named  by  Buwalda  (1934,  1935)  in  ab- 
stracts, which  also  included  general  geographic  locations  for 
the  type  sections  of  the  Witnet  and  Bopesta  formations.  The 
first  geologic  map  available  for  the  Cache  Peak  area  was  that 
by  Smith  (195  1 ) as  a master’s  thesis  directed  by  J.P.  Buwalda. 
A diagrammatic  geologic  map  of  the  area  and  brief  lithologic 
descriptions  of  the  Witnet,  Kinnick,  and  Bopesta  formations 
was  published  by  Buwalda  (1954).  The  type  section  of  the 
Kinnick  Formation  and  more  precise  geographic  locations 
of  the  type  sections  of  the  Witnet  and  Bopesta  formations 
were  published  by  Buwalda  and  Lewis  (1955).  Dibblee  (1959) 
mapped  the  geology  of  the  Mojave  1 5-minute  quadrangle  in 
reconnaissance  fashion.  The  first  relatively  detailed  geologic 
mapping  of  the  Tertiary  sequence  was  that  by  Michael  ( 1 960). 
In  his  unpublished  thesis  he  named  and  described  a new  rock 
unit,  the  Cache  Peak  formation,  and  designated  its  type  sec- 
tion, as  well  as  “type  sections”  for  the  Kinnick  and  Bopesta 
formations.  Dibblee  (1967)  published  planimetric  geologic 
maps  and  geologic  cross  sections  of  the  Cache  Peak  area,  at 
a scale  of  about  one  mile  to  the  inch.  Later,  Dibblee  and 
Louke  (1970)  provided  a more  detailed  geologic  map  of  the 
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Tehachapi  15-minute  quadrangle.  They  proposed  “type  sec- 
tions” for  both  the  Kinnick  and  Bopesta  formations.  Ross 
(1980)  studied  the  basement  terrain  of  the  southern  Sierra 
Nevada  and  differentiated  the  plutonic  rocks  in  the  study 
area. 

Paleontologic  investigations  in  the  Cache  Peak  area  com- 
menced with  Buwalda’s  (1916)  account  of  two  faunas  that 
he  named  the  Phillips  Ranch  and  Cache  Peak  faunas  and 
subsequently  stated  that  these  faunas  were  collected  from  the 
Kinnick  and  Bopesta  formations,  respectively  (Buwalda, 
1935).  Axelrod  (1939)  described  a flora  that  is  about  at  the 
same  stratigraphic  position  as,  and  close  to,  the  Phillips  Ranch 
locality  of  Buwalda  (1916).  Axelrod  (1939)  interpreted  the 
climatic  conditions  at  the  time  of  deposition  by  analogy  with 
the  modern  distributions  of  similar  floral  elements.  Wood  et 
al.  (1941)  described  the  Phillips  Ranch  and  Cache  Peak  fau- 
nas as  local  faunas.  They  correlated  these  local  faunas  with 
the  Hemingfordian  and  Barstovian  North  American  Land 
Mammal  Ages,  respectively.  Taxonomic  work  on  fossil  ver- 
tebrates from  the  area  has  included  Buwalda  (1916),  Buwalda 
and  Lewis  (1955),  Brattstrom  (1961),  Webb  (1961),  Wood- 
burne  (1969),  Lindsay  (1972),  Auffenburg  (1974),  Miller 
(1978),  Munthe  (1979),  and  Quinn  (1984). 

LOCATION,  METHODS,  AND  TERMINOLOGY 

The  study  area  is  located  in  the  upper  drainages  of  Cache 
Creek  and  Pine  Tree  Canyon,  south  of  Cache  Peak,  Kern 
County,  California  (Figure  1,  Plate  I).  The  geology  of  ap- 
proximately 20  sq.  mi.  (50  km*)  was  mapped  between  Sep- 
tember 1981  and  October  1983.  This  area  was  selected  be- 
cause (1)  it  includes  or  is  immediately  adjacent  to  the  type 
sections  of  all  the  formations  of  the  Tertiary  sequence  pro- 
posed by  previous  investigators,  (2)  it  includes  the  localities 
of  the  Phillips  Ranch  and  Cache  Peak  local  faunas  and  the 
Tehachapi  flora,  and  (3)  contains  the  most  characteristic  and 
continuous  exposures  of  the  Bopesta  Formation.  Geologic 
mapping  was  accomplished  on  U.S.  Geological  Survey  7.5- 
minute  topographic  maps  of  the  Tehachapi  NE  and  Cache 
Peak  quadrangles,  1966  (photo-revised  1973)  and  1973  edi- 
tions, respectively.  Aerial  photographs  taken  in  1952  by  the 
U.S.  Department  of  Agriculture  were  used  for  interpreting 
geomorphology  and  structural  trends.  Access  into  the  western 
part  of  the  mapped  area  is  gained  from  private  dirt  roads  via 
Sand  Canyon  Road.  The  central  and  eastern  parts  of  the  area 
are  accessible  by  private  jeep  trails  via  State  Highways  14 
and  58. 

The  Bopesta  Formation  is  composed  to  a large  extent  of 
volcanic  detritus.  Pyroclastic  and  mixed  pyroclastic-epiclas- 
tic  rocks  are  present  also.  The  nomenclature  used  herein  for 
these  rocks  follows  that  of  Schmid  (1981)  and  Williams  et 
al.  (1954).  The  term  tuffaceous  is  used  to  indicate  that  the 
deposit  is  a tuffrte  (i.e.,  contains  less  than  75  percent  but 
greater  than  25  percent  pyroclastic).  The  term  volcanic  or 
volcaniclastic  is  used  to  indicate  that  the  epiclastic  deposit 
consists  predominantly  of  volcanic  detritus  (i.e.,  contains  less 
than  25  percent  pyroclastic).  Epiclastic  particle  size  descrip- 
tion generally  follows  the  size  classes  of  Wentworth  (1922). 
Pyroclastic  particle  size  description  follows  Schmid  (1981). 


Size  description  of  tufifites  is  a combination  of  these  systems. 
Terminology  for  sorting  and  roundness  follows  Compton 
(1962).  Stratigraphic  sections  were  measured  with  a Jacob’s 
staff,  and  thickness  is  reported  in  both  feet  and  meters.  Ter- 
minology for  bedding  thickness  follows  Ingram  (1954). 

Stratigraphic  nomenclature  and  methodology  follows  the 
lUGS  International  Stratigraphic  Guide  (Hedberg,  1976).  All 
K-Ar  dates  cited  here  have  been  recalculated  where  necessary 
to  conform  to  the  current  lUGS  constants  (Steiger  and  Jaeger, 
1977).  Generic  names  in  quotations  indicate  that  the  name 
is  used  in  a general  sense  and  that  it  should  probably  be 
restricted  to  other  species. 

Topographic  names  no  longer  in  use  on  current  U.S.  Geo- 
logical Survey  topographic  quadrangles  include:  Lone  Tree 
Canyon,  Bopesta  Ridge,  Kinnick  Ridge,  and  Witnet  Ridge. 
Lone  Tree  Canyon  has  been  renamed  Pine  Tree  Canyon.  See 
Dibblee  (1967)  for  the  locations  of  the  other  abandoned  to- 
pographic names. 

Acronyms  used  herein  are  as  follows: 

LACM  Natural  History  Museum  of  Los  Angeles  County 
vertebrate  fossil  locality 

LACM(CIT)  California  Institute  of  Technology  locality 
number,  files  and  specimens  now  held  by 
LACM;  CIT  abbreviation  used  on  plates  and 
figures 

P-  University  of  California  Museum  of  Paleon- 

tology (UCMP),  Berkeley,  paleobotanical  lo- 
cality 

RV-  University  of  California,  Riverside  vertebrate 

fossil  locality 

USGS  United  States  Geological  Survey  fossil  locality 

V-  UCMP  vertebrate  fossil  locality 

GEOLOGIC  SETTING 

Within  the  mapped  area  there  are  granitic  intrusives  and 
metamorphic  rocks  constituting  the  basement  terrain,  four 
Tertiary  formations  consisting  of  sedimentary  and  volcanic 
deposits,  and  Quaternary  surficial  deposits.  The  type  sections 
of  the  Tertiary  formations  are  within,  or  adjacent  to,  the 
mapped  area.  Areal  distribution  of  pre-Quaternary  rock  units 
extends  beyond  the  mapped  area.  The  stratigraphic  relation- 
ships of  the  pre-Quaternary  rock  units  are  shown  on  Figure  2. 

All  rock  units  are  described  below,  although  the  lithostra- 
tigraphy  of  the  Kinnick  Formation  has  been  emphasized. 
This  emphasis  is  necessary  to  clearly  distinguish  the  com- 
position of  the  Kinnick  Formation  from  the  comformably 
overlying  Bopesta  Formation.  Description  of  the  Bopesta 
Formation  in  this  section  is  limited  to  background  infor- 
mation, as  detailed  description  of  its  lithostratigraphy  and 
depositional  environment  are  presented  in  the  following  sec- 
tion. 

BASEMENT  COMPLEX 

Plutonic  rocks  crop  out  along  the  south  and  east  margins  of 
the  mapped  area  and  range  in  composition  from  granite  por- 
phyry to  granodiorite.  Ross  (1980)  differentiated  these  plu- 
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Figure  2.  Generalized  relationship  between  the  rock  units  in  the  study  area.  Vertical  arrangement  approximates  relative  thicknesses.  Horizontal 
arrangement  is  approximately  east  (right)  west  (left)  and  is  greatly  reduced  relative  to  thickness.  Symbols  are  as  follows:  Tw,  Witnet  Formation; 
Tk  1 through  10,  members  of  the  Kinnick  Formation;  Tbl,  Tbi,  Tbm,  and  Tbu,  lower,  agglomerate-breccia,  middle,  and  upper  units  of  the 
Bopesta  Formation;  Tcp,  Cache  Peak  formation  of  Michael  (1960);  Tp,  andesitic  intrusive  plugs  which  may  have  the  source  ofTcp. 


tonic  rocks  into  two  granitic  masses.  The  most  extensive 
body  he  called  the  biotite  granodiorite  of  Claraville,  and 
characterized  it  as  having  a “liberal  sprinkling  of  small  biotite 
crystals  and  lesser  hornblende”  constituting  a “peppery”  tex- 
ture. This  mass  is  locally  porphyritic  with  conspicuous 
K-feldspar  phenocrysts  up  to  3 cm  long.  A body  of  orange 
to  salmon-pink  granite  that  intrudes  the  Claraville  mass  was 
called  the  granite  of  Bishop  Ranch  by  Ross  (1980).  Small 
isolated  mahc  bodies,  which  Dibblee  (1959)  called  horn- 
blende diorite,  intrude  the  granite  of  Bishop  Ranch. 

A number  of  K-Ar  and  Rb-Sr  age  determinations  have 
been  made  on  the  plutonic  rocks  of  the  southern  Sierra  Ne- 
vada. Two  Rb-Sr  ages  are  representative  of  the  biotite  grano- 
diorite of  Claraville  (Ross,  1980).  The  samples  (Sr  8-73  and 
Sr  9-73)  of  biotite  quartz  monzonite  from  the  Kelso  Valley 
area,  were  dated  at  90  Ma  (Kistler  and  Peterman,  1978). 
Evernden  and  Kistler  (1970)  included  the  granitic  rocks  of 
the  Cache  Peak  region  in  a unit  they  called  Cathedral  Range 


intrusive  rocks.  They  interpreted  these  rocks,  based  upon 
radiometric  data,  to  have  been  intruded  during  the  Late  Cre- 
taceous (79-80  Ma)  Cathedral  Range  intrusive  epoch. 

Metamorphic  rocks  are  present  as  fault  slivers  in  Oil  Can- 
yon and  as  a large  exposure  along  the  eastern  margin  of  the 
mapped  area.  In  Oil  Canyon,  isolated  slivers  of  semi-schis- 
tose quartzite  are  present  along  the  fault  contact  between  the 
pluton  and  the  Kinnick  Formation.  Exposures  of  metavol- 
canics  and  semi-schistose  quartzite  along  the  eastern  margin 
of  the  mapped  area  appear  to  represent  the  eroded  remnants 
of  a pendant. 

TERTIARY  ROCKS 
Witnet  Formation 

The  Witnet  Formation  is  the  oldest  sedimentary  unit  exposed 
in  the  mapped  area.  It  crops  out  on  the  lower  slopes  of  Horse, 
Oil,  and  Sand  canyons  in  the  vicinity  of  their  confluence. 


4 Contributions  in  Science,  Number  393 


Quinn:  Stratigraphy  of  the  Bopesta  Formation 


Buwalda  (1934,  1935)  named  the  formation  and  described 
it  as  arkosic  conglomerates  and  coarse  sandstones.  He  des- 
ignated the  northern  side  of  lower  Oil  Canyon  as  the  type 
section.  Michael  (1960)  made  rough  measurements  of  the 
thickness  of  the  formation,  from  discontinuous  outcrops  in 
this  area,  and  found  it  to  exceed  4000  ft.  ( 1 220  m).  The  name 
Witnet  Formation  has  been  extended  beyond  the  type  area 
to  include  arkosic  sediments  present  on  the  north  side  of  the 
Tehachapi  Mountains,  west  of  Oak  Pass,  and  in  and  around 
upper  Jawbone  Canyon  (Dibblee,  1959;  Dibblee  and  Louke, 
1970).  Samsel  (1962)  described  arkosic  sandstones  and  con- 
glomerates that  are  exposed  in  the  Cross  Mountain  area, 
v/hich  may  be  correlative  with  the  Witnet  Formation. 

Regionally,  the  Witnet  sediments  appear  to  have  been  de- 
posited on  an  erosiona!  surface  of  quartz  monzonite  (Dibblee 
and  Louke,  1970).  Although  the  contact  between  the  pluton 
and  the  Witnet  Formation  in  the  type  area  in  Oil  Canyon  is 
not  clearly  exposed,  it  appears  to  conform  to  the  regional 
pattern.  Here  the  basal  100+  ft.  (30+  m)  of  the  Witnet 
Formation  consists  of  a rounded  granitic,  cobble  to  boulder 
conglomerate  with  an  indurated  arkosic  arenite  matrix  (Fig- 
ure 3).  Above  this,  the  formation  consists  of  interbedded 
pink  to  tan  and  gray  arkosic  arenites  and  red-gray  to  olive- 
gray  micaceous  mudstones.  The  arenites  are  often  conglom- 
eratic with  rounded  granules  to  cobbles  of  quartzite  and  gra- 
nitics.  Michael  (1960)  found  that,  overall,  the  sequence  fines 
up-section. 

The  Witnet  Formation  is  considered  early  Tertiary  in  age, 
but  a more  definitive  age  assessment  must  await  the  discov- 
ery of  time-diagnostic  fossils.  A strong  correlation  between 
the  Witnet  and  Goler  formations  has  been  suggested  on  the 
basis  of  similar  lithologies  (Cox,  1 982).  The  Goler  Formation 
crops  out  in  the  El  Paso  Mountains,  25  mi.  (40  km)  east  of 
the  mapped  area  across  the  Sierra  Nevada  fault  zone.  A small 
Torrejonian  (middle  Paleocene)  mammalian  fauna  has  been 
collected  from  this  formation  (West,  1970).  The  Witnet  For- 
mation also  has  some  similarities  to  the  Walker  Formation, 
which  consists  mostly  of  continental  sandstones  and  con- 
glomerates (Dibblee  and  Louke,  1970).  The  Walker  For- 
mation crops  out  along  the  western  flank  of  the  Sierra  Nevada 
in  and  around  Caiiente  Creek,  20  mi.  (32  km)  northwest  of 
the  study  area.  The  oldest  strata  of  this  formation  are  middle 
or  late  Eocene,  based  on  interfingering  relationships  with 
dated  marine  deposits  in  the  southern  San  Joaquin  Valley 
(J.A.  Bartow  in  Cox,  1982).  The  correlation  between  these 
formations  is  dubious,  because  the  Walker  Formation  con- 
tains some  pyroclastic  rocks,  whereas  the  Witnet  Formation 
lacks  them. 

Kinnick  Formation 

The  early  Miocene  Kinnick  Formation  rests  with  angular 
unconformity  upon  the  Witnet  Formation  and  in  heterolithic 
unconformity  on  the  basement.  Buwalda  ( 1 934,  1935)  named 
the  Kinnick  Formation,  and  subsequently  (Buwalda,  1954: 
1 34)  provided  a brief  description  of  the  formation  as  follows: 

“The  formation  consists  mainly  of  green  and  other  high- 
ly colored  basic  volcanic  tuffs  and  some  coarse  agglom- 


Figure  3.  Basal  granitic  conglomerate  of  the  Witnet  Formation  in 
Oil  Canyon.  The  left  margin  of  the  photograph  is  about  10  ft.  (3  m), 
vertically.  Up  is  to  the  left. 


crates.  Basic  lavas  constitute  only  a small  part  of  the 
section.  The  upper  few  hundred  feet  of  the  formation 
consists  of  gray  sandy  clays  that  are  locally  interbedded 
with  white  fresh-water  diatomite  and  gray  and  yellow 
cherts.  The  total  thickness  of  the  formation  is  not  less 
than  1 500  ft.” 

This  description  was  reiterated  and  a type  section  designated 
in  Buwalda  and  Lewis  (1955:147-148). 

Subsequently,  new  “type  sections”  of  the  Kinnick  For- 
mation have  been  proposed.  Michael  (1960)  proposed  a “type 
section”  for  the  Kinnick  Formation  that  partially  corre- 
sponds to  that  designated  by  Buwalda  and  Lewis  (1954). 
Michael  (1960)  restricted  the  Kinnick  Formation  to  include 
only  the  basic  volcanic  tuffs,  agglomerates,  and  basic  lavas 
described  by  Buwalda  (1954).  His  restricted  Kinnick  For- 
mation excluded  the  clay  and  cherts  of  Buwalda’s  (1954) 
upper  Kinnick  Formation,  but  instead  allocated  these  sedi- 
ments to  the  Bopesta  Formation.  Michael  (1960)  mapped 
the  distribution  of  the  Kinnick  Formation  as  he  recognized 
it  in  the  Sand,  Horse,  and  Oil  Canyon  watersheds.  He  felt 
that  the  most  complete  and  characteristic  section  of  this  for- 
mation was  exposed  in  lower  Horse  Canyon  and  on  the  ridge 
to  the  west,  which  he  described  as  the  “type  section.”  This 
area  is  also  traversed  by  the  type  section  of  the  Kinnick 
Formation  designated  by  Buwalda  and  Lewis  (1955).  In  this 
area,  the  formation  as  recognized  by  Michael  (1960)  is  di- 
visible into  10  members,  which  are  essentially  units  com- 
posed of  epiclastic  and/or  pyroclastic  rocks  interstratified 
with  basalts.  He  reports  that  the  formation,  in  the  type  area, 
is  over  1000  ft.  (305  m)  thick.  The  formation  thickens  to  the 
north,  where  it  may  exceed  4300  ft.  (1311  m)  thick,  and  is 
accompanied  by  the  addition  of  two  facies  that  Michael  ( 1 960) 
mapped  as  perlitic  and  rhyolitic  members. 

Dibblee  and  Louke  (1970)  also  designated  a “type  section” 
of  the  Kinnick  Formation  in  lower  Horse  Canyon.  They 
restricted  the  formation  here  to  include  only  the  bedded  tuff- 
aceous  sandstones,  tuff,  and  tuff  breccia  that  rest  with  angular 
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Figure  4.  Reddish  arkosic  beds  of  the  Witnet  Formation  are  over- 
lain  with  angular  unconformity  by  the  white  and  green  tuffaceous 
arenites  of  Tk  1 in  Oil  Canyon.  Tk  2,  a basaltic  unit,  crops  out  at 
the  top  of  the  well-exposed,  steep  slope. 


unconformity  upon  the  Witnet  Formation  and  occur  below 
the  lowest  overlying  basalt  flow.  Their  section  as  defined  is 
equivalent  to  Michael’s  (1960)  member  1 and  3 of  the  Kin- 
nick  Formation,  but  as  they  mapped  the  formation  in  its  type 
area  it  is  equivalent  to  members  1 to  9. 

The  “type  section’’  proposed  by  Michael  (1960)  provides 
a much  better  standard  for  the  definition  and  recognition  of 
the  Kinnick  Formation  than  does  that  proposed  by  Buwalda 
and  Lewis  (1955)  or  Dibblee  and  Louke  (1970).  For  this 
reason,  Michael’s  “type  section’’  is  considered  here  to  be  the 
principal  reference  section  of  the  Kinnick  Formation.  Section 
A-B  on  Plate  I provides  a geologic  section  through  the  area 
of  Michael’s  “type  section’’  based  on  my  mapping.  Brief 
descriptions  of  the  10  members  in  the  area  of  the  principal 
reference  section,  as  I recognize  them,  are  given  below. 

Member  1 (Tk  1)  is  the  lowest  member  of  the  formation, 
which  locally  rests  with  angular  unconformity  on  the  Witnet 
Formation  (Figure  4).  It  consists  predominantly  of  greenish 
white  to  white,  resistant,  medium-  to  thick-bedded,  fine-  to 
coarse-grained  units  of  tuffaceous  arenite.  The  thickness  of 
Member  1 is  variable,  with  the  lower  strata  often  absent.  The 
basal  strata  often  exhibit  anomalous  attitudes  and  the  lower 
contact  is  locally  gouge  lined.  These  features  suggest  that 
accommodation  has  occurred  locally  along  this  contact.  The 
thickness  of  Tk  1 is  approximately  100  ft.  (30  m)  in  the  area 
of  the  principal  reference  section,  but  locally  exceeds  200  ft. 
(61  m). 

Tk  2 is  the  lowermost  basalt  of  the  Kinnick  Formation.  It 
is  typically  dark  greenish  to  purplish  black  in  color,  and 
resistant  and  massive  in  outcrop.  Laterally  discontinuous,  it 
crops  out  as  a lens  in  the  principal  reference  section  area. 
This  outcrop  was  apparently  overlooked  by  Michael  (1960). 
To  the  east  and  southwest,  Tk  2 is  tabular  and  up  to  about 
100  ft.  (30  m)  thick.  Where  Tk  2 is  absent,  Tk  1 and  Tk  3 
are  difficult  to  separate. 

Tk  3 consists  predominantly  of  very  thick-bedded,  yellow- 
green  to  bronze,  and  white-green,  tuffaceous  breccia  and  la- 


Figure  5.  View  north  up  Cache  Creek,  with  Cache  Peak  in  distance. 
The  ridge  to  the  left  (west)  is  the  location  of  the  principal  reference 
section  of  the  Kinnick  Formation.  In  the  foreground,  in  ascending 
elevation  and  stratigraphic  position,  are  Tk  3 and  Tk  4.  Similarly, 
in  the  middle  distance,  Tk  5,  Tk  6,  Tk  7,  Tk  8,  Tk  9,  and  Tk  10  can 
be  discerned. 

pilli  tuff.  Some  medium-bedded  volcanic  arenite  and  wacke 
are  present  locally.  The  thickness  of  this  unit  is  also  variable 
and  may  exceed  350  ft.  (107  m).  Exposures  of  this  unit  are 
shown  in  Figures  5,  7,  and  8. 

Tk  4 is  black  to  purplish  red,  vesicular,  amygdaloidal  ba- 
salt. It  is  deeply  weathered  and  generally  poorly  exposed.  In 
the  principal  reference  section  area,  this  member  includes  a 
large  lens  of  red  agglomerate  and  tuffaceous  breccia  (Figure 

5) .  The  combined  thickness  of  this  unit  is  as  much  as  250 
ft.  (75  m),  but  is  generally  thinner. 

Tk  5 consists  of  interbedded  mudstone  and  thin-bedded, 
white,  platy  siltstone  that  is  poorly  exposed.  This  member 
pinches  out  locally  against  the  red  agglomerates  and  tuff- 
aceous breccias  of  Tk  4,  but  is  about  140  ft.  (42  m)  thick  at 
the  principal  reference  section. 

Tk  6 is  a dark  green-brown  basalt.  At  the  principal  refer- 
ence section  it  is  about  80  ft.  (24  m)  thick,  poorly  exposed 
and  deeply  weathered.  To  the  east,  this  unit  thickens  to  ap- 
proximately 300  ft.  (91  m). 

Tk  7 is  a resistant  unit  of  epiclastic  deposits  that  form  an 
important  marker.  Overall,  the  unit  is  orange  to  reddish  tan 
on  weathered  surfaces,  and  gray  to  blue-gray  on  fresh  sur- 
faces. The  member  is  composed  mostly  of  thin-  to  medium- 
bedded,  sharply  interstratified,  fine-grained  arenite.  These 
arenites  exhibit  plane-parallel  stratification  and  minor  small- 
scale  symmetrical  ripples.  Pebble  conglomerates  are  a minor 
constituent  of  the  member.  Fossilized  cylindrical  plant  frag- 
ments that  are  found  in  this  unit  may  represent  reeds  or 
rushes.  In  the  principal  reference  section  area  (Plate  I,  Section 
A-B),  Tk  7 is  approximately  200  ft.  (6 1 m)  thick,  but  varies 
laterally. 

Tk  8 consists  of  reddish  brown  to  dark  brown,  amygda- 
loidal basalt  that  is  up  to  about  200  ft.  (66  m)  thick  (Figure 

6) . 

Tk  9 is  also  an  important  marker,  consisting  predomi- 
nantly of  interbedded  tuffaceous  and  volcanic  arenites.  Over- 
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FigBre  6.  Basaltic  unit  Tk  8 is  sharply  overlain  by  Tk  9,  which  is 
composed  predominantly  of  tuffaceous  and  volcanic  arenites. 


all,  the  member  has  a white-green  to  blue-gray  color.  The 
basal  bed  is  an  agglomerate-breccia  that  rests  sharply  on  the 
basalts  of  Tk  8 (Figure  6).  Some  of  the  fine-grained  arenites 
exhibit  relatively  small-scale  trough  cross-stratification.  In 
the  area  of  the  principal  reference  section  this  member  is 
about  130  ft.  (40  m)  thick. 

Tk  10  is  the  stratigraphically  highest  basalt  in  the  forma- 
tion and  in  the  mapped  area.  It  consists  of  green-black,  locally 
vesicular  and  amygdaloidal,  alkali-olivine  basalt.  The  mem- 
ber is  up  to  400  ft.  ( 1 22  m)  thick  and  appears  to  be  composed 
of  several  flows.  Outcrops  of  this  unit  are  shown  on  Figures 
5,  7,  10,  11,  and  13. 

The  thicknesses  of  the  members  cited  above  were  calcu- 
lated from  constructed  cross  sections  and  should  be  consid- 
ered approximate.  The  total  thickness  of  the  Kinnick  For- 
mation in  the  principal  reference  section  area  is  approximately 
1700  ft.  (518  m). 

The  Kinnick  Formation  was  mapped  both  east  and  north- 
west of  the  principal  reference  section.  Only  the  upper  mem- 
bers of  this  formation  crop  out  to  the  northwest  of  the  prin- 
cipal reference  section.  Both  Tk  7 and  9 thicken  in  this 
direction  and  become  more  pyroclastic  in  nature. 

East  of  the  type  section,  the  formation  undergoes  facies 
changes,  thins  and  laps  onto  the  basement.  Tk  1,  2,  and  3 
can  be  traced  east  into  the  SE  ‘4,  Sec.  12,  T 32  S,  R 34  E, 
where  they  are  faulted  against  the  basement.  These  members 
are  present  south  of  the  fault  on  the  north  slope  of  Red 
Mountain  ridge  (Sec.  13,  T 32  S,  R 34  E and  Sec.  18,  T 32 
S,  R 35  E)  where  they  rest  on  the  basement.  These  outcrops 
are  characterized  by  a gouge-lined  basal  contact,  irregular 
folding,  and  pervasive  fracturing.  The  formation  thins  to  the 
east,  with  basaltic  member  Tk  4 pinching  out  east  of  the 
north  fork  of  Oil  Canyon  (SE  *4,  Sec.  7,  T 32  S,  R 34  E).  Tk 
5 undergoes  a facies  change  to  the  east,  with  white,  platy 
siltstones  increasing  in  abundance  and  the  addition  of  about 
2 ft.  (60  cm)  of  lignite  at  its  top  in  the  SW  ‘4,  Sec.  7,  T 32 
S,  R 35  E.  Tk  7 also  changes  facies  to  the  east,  becoming 
finer  grained,  and  represented  predominantly  by  thinly  in- 
terbedded  mudstone  and  white,  platy  siltstone. 


Figure  7.  View  north  across  Oil  Canyon  showing  structure  believed 
by  Michael  (1960)  and  Dibblee  and  Louke  (1970)  to  represent  an 
angular  unconformity  separating  the  Kinnick  and  Bopesta  forma- 
tions. However,  this  structure  is  actually  the  main  trace  and  a sub- 
sidiary branch  of  the  Oil  Canyon  fault.  This  can  be  more  easily 
discerned  in  Figure  8. 


Members  6 and  8 can  be  traced  eastward  into  Pine  Tree 
Canyon.  East  of  there  the  formation  is  obscured  by  poor 
exposures,  landslides,  and  faulting.  Except  for  Tk  10,  the 
formation  in  this  area  was  undifferentiated  in  mapping.  Tk 
10  can  be  traced  several  miles  to  the  northeast,  across  several 
faults  and  into  the  northeasternmost  mapped  area,  where  it 
laps  onto  the  basement.  This  member  can  be  traced  in  a 
northerly  direction  outside  of  the  study  area. 

Along  the  crest  of  the  south  front  of  the  Sierra  Nevada 
(Sec.  9,  T 32  S,  R 35  E),  the  basal  unit  of  the  Kinnick  For- 
mation is  represented  by  a very  thick-bedded,  resistant,  poor- 
ly sorted,  siliceous,  arkosic  granule  breccia  to  angular  feld- 
spathic  wacke.  This  unit  is  overlain  by  tuffaceous  arenites 
similar  to  those  of  Tk  1.  These  deposits  are  poorly  exposed 
in  their  upper  extent,  but  appear  to  be  overlain  by  a basalt 
unit.  Laterally,  to  the  west,  an  irregular  bentonitic  mudstone 
unit  occurs  close  to  the  base  of  the  formation  and  interdig- 
itates  with  the  aforementioned  units.  These  bentonitic  mud- 
stones may  be  partially  responsible  for  the  massive  landslides 
observed  in  this  area.  Above  the  basalt  unit  is  a sequence  of 
intercalated  basalts  and  tuffaceous  and  volcanic  arenites  and 
mudstones.  Some  laharic  breccias  are  present  near  the  top 
of  this  sequence,  which  is  capped  by  Tk  10.  The  formation 
undergoes  appreciable  thinning  in  this  area. 

Farther  east,  in  the  E '4,  Sec.  34,  T 31  S,  R 35  E,  the  basal 
unit  of  the  Kinnick  Formation  rests  on  metamorphic  base- 
ment rocks.  The  basal  unit  is  represented  by  a very  thick- 
bedded  granitic  gravel  to  boulder  conglomerate-breccia  with- 
in an  iron-stained  angular  arkosic  matrix.  This  appears  to 
represent  a coarse-grained  equivalent  of  the  basal  unit  to  the 
west  in  Sec.  9,  previously  mentioned.  This  unit,  and  the 
remainder  of  the  formation  below  Tk  10,  thins  quickly  to 
the  northeast  and  apparently  pinches  out  where  Tk  10  laps 
onto  the  pluton  in  the  SE  ‘4,  Sec.  27,  T 31  S,  R 35  E. 

The  Kinnick  Formation  has  been  recognized  outside  the 
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Figure  8.  Northwest  view  of  the  main  trace  of  the  Oil  Canyon  fault 
and  a subsidiary  branch  that  juxtapose  the  basement  against  Tk  3, 
Tk  5,  and  Tk  6,  and  Tk  3 against  Tk  5 and  Tk  6,  respectively. 


type  area,  including  outcrops  northwest  of  Tehachapi  and  in 
the  Jawbone  Canyon  area.  Samsel  ( 1 962)  has  mapped  arkosic 
sandstones  and  conglomerates,  green  and  white  tuff,  tuffbrec- 
cia,  and  basalt  flows  that  crop  out  east  of  Cross  Mountain 
and  across  lower  Jawbone  Canyon.  Dibblee  (1967)  ques- 
tionably assigned  these  deposits  to  the  Kinnick  Formation 
and  noted  that  as  much  as  3000  ft.  (915  m)  of  section  is 
exposed  there.  As  previously  noted,  the  arkosic  sandstones 
and  conglomerates  described  by  Samsel  may  represent  the 
Witnet  Formation.  The  Kinnick  Formation  in  upper  Jaw- 
bone Canyon  is  represented  by  600  ft.  (183  m)  of  white  tuff 
and  tuff  breccia,  overlain  by  up  to  2400  ft.  (732  m)  of  andesite 
conglomerate  and  breccia  (Dibblee,  1967).  The  formation 
northwest  of  Tehachapi  is  represented  by  a section  as  much 
as  2100  ft.  (640  m)  thick,  of  tuff,  tuff  breccia,  tuffaceous 
sandstone,  shales,  and  several  basalt  flows  (Dibblee  and  Louke, 
1970). 

A hornblende  biotite  tuff  breccia  (sample  KA  478),  from 
member  7 of  Michael’s  Kinnick  Formation  (R.H.  Tedford, 
personal  communication),  was  dated  by  Evemden  et  al.  ( 1 964) 
at  17.6  Ma.  Mammalian  fossils  are  not  known  to  occur  in 
the  Kinnick  Formation,  as  herein  restricted.  Dibblee  (1967) 
correlated  the  Kinnick  Formation,  on  the  basis  of  lithologic 
similarities  and  stratigraphic  position,  with  the  Gem  Hill, 
Neenach,  and  Pickhandle  formations.  These  formations  are 
located  on  the  Mojave  block  and  crop  out  in  and  around 
Mojave  and  Rosemond,  Quail  Lake  area,  and  north  of  Bar- 
stow,  respectively. 

Bopesta  Formation 

The  name  Bopesta  Formation  was  applied  by  Buwalda  ( 1 934, 
1935)  to  the  youngest  of  the  three  formations  exposed  in  the 
badlands  northeast  of  Tehachapi  (Figure  1).  At  that  time,  he 
designated  upper  Cache  Creek  as  the  type  section,  but  did 
not  specify  the  geographic  extent  of  the  type  section  or  the 
lithologies  present  there.  Later,  Buwalda  ( 1954)  characterized 


the  formation  as  consisting  mainly  of  white-  to  tan-colored, 
fine-  to  coarse-grained  quartzose  sandstone,  containing  some 
ash  and  volcanic  debris,  a few  conglomerates  and  some  shale 
beds.  This  description  was  reiterated,  and  a more  precise 
location  for  the  “type  section”  of  the  formation  was  presented 
by  Buwalda  and  Lewis  (1955).  Their  type  section  extends 
from  near  the  confluence  of  Cache  Creek  and  Horse  Canyon 
to  Cache  Peak. 

Michael  (1960)  and  Dibblee  and  Louke  (1970)  designated 
“type  sections”  of  the  Bopesta  Formation  that  differed  from 
that  of  Buwalda  and  Lewis  (1955),  and  from  each  other.  The 
“type  sections”  of  Michael  (1960)  and  Dibblee  and  Louke 
(1970)  are  similar  in  that  they  both  clearly  restrict  the  Bopesta 
Formation  by  excluding  the  overlying  andesite-dacite  ag- 
glomerates and  flows.  In  addition,  these  “type  sections”  are 
geographically  close;  indeed  they  cross.  Unfortunately,  both 
sections  were  selected  in  a structurally  complicated  area  with 
generally  poor  exposures.  These  sections  cannot  be  ade- 
quately measured  or  described.  Furthermore,  Michael’s  ( 1 960) 
“type  section”  has  a further  drawback  in  that  it  does  not 
include  the  basal  contact  of  the  formation  as  he  mapped  it. 

Michael  ( 1 960)  and  Dibblee  ( 1 967)  characterized  the  Kin- 
nick Formation  as  consisting  predominantly  of  pyroclastic 
rocks,  in  contrast  to  the  Bopesta  Formation,  that  consists  of 
non-pyroclastic  continental  sediments.  Their  lithologic  cri- 
teria are  loosely  applicable,  but  the  Kinnick  Formation  also 
includes  epiclastic  rocks  and  the  Bopesta  Formation  includes 
pyroclastic  rocks.  In  addition,  Michael  (1960)  and  Dibblee 
and  Louke  (1970)  all  believed  that  the  Bopesta  Formation 
was,  at  least  locally,  deposited  with  angular  unconformity  on 
the  Kinnick  Formation,  based  upon  evidence  in  upper  Oil 
Canyon.  The  structure  they  believed  to  be  an  unconformity 
is  actually  a high  angle  fault  (Figures  7 and  8).  For  these 
reasons  it  was  necessary  to  develop  more  diagnostic  and 
appropriate  criteria  for  defining  and  characterizing  the  Bo- 
pesta Formation  (refer  to  the  next  section  for  a complete 
discussion  of  the  lithostratigraphy  of  the  Bopesta  Formation). 

The  Bopesta  Formation  is  of  limited  areal  distribution, 
located  west  of  the  Sierra  Nevada  fault  zone  and  north  of 
the  Garlock  fault.  As  mapped  by  previous  investigators,  the 
Bopesta  Formation  is  exposed  chiefly  in  the  vicinity  of  Cache 
Peak,  although  a small  outcrop  along  Tehachapi  Creek  also 
has  been  assigned  to  this  formation  by  Dibblee  and  Louke 
(1970).  Although  the  formation  is  restricted  to  the  Tehach- 
api-Cache  Peak  area,  it  is  biostratigraphically  correlative  with 
formations  in  the  Mojave  Desert,  and  in  the  Transverse  and 
Coast  Ranges. 

Cache  Peak  Formation  of  Michael  (1960) 

Buwalda  (1954)  reported  that  the  Bopesta  Formation  was 
overlain  by  lavas  and  pyroclastic  rocks.  Michael  ( 1 960)  in- 
formally referred  to  these  deposits,  which  rest  with  angular 
unconformity  on  the  Bopesta  Formation,  as  the  Cache  Peak 
formation.  He  recognized  two  members  of  this  formation,  a 
lower  andesite-fluvial  member  and  an  upper  andesite-dacite 
member.  In  the  “type  area”  the  formation  exceeds  700  ft. 
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Figure  9.  View  north  toward  Sweet  Ridge  with  Cache  Peak  in 
background.  Steep  canyon  badlands  are  typical  of  Bopesta  Forma- 
tion outcrops.  The  Cache  Peak  formation  of  Michael  (1960)  (Tcp) 
caps  Sweet  Ridge  and  rests  with  angular  unconformity  on  the  Bopesta 
Formation  (Tb). 


Figure  10.  View  north  across  Pine  Tree  Canyon  with  Sorrel  Peak 
and  Kelso  Valley  in  middle  distance.  Rock  units  in  foreground,  in 
ascending  elevation  and  stratigraphic  position  are  Tku,  Tk  10,  Tbl, 
Tbm,  and  Tcp.  Steep  hills  in  the  center  of  the  photograph  are  in- 
terpreted to  be  intrusive  plugs  (Tp),  which  may  have  been  feeders 
to  Tcp. 


(213  m)  in  thickness.  Dibblee  (1959,  1967)  and  Dibblee  and 
Louke  (1970)  referred  to  these  rocks  simply  as  Tertiary  an- 
desite. These  rocks  are  herein  referred  to  as  the  Cache  Peak 
formation  of  Michael  (1960).  Although  formal  status  for  the 
Cache  Peak  formation  is  warranted,  lithostratigraphic  deh- 
nition  of  this  formation  is  beyond  the  scope  of  this  paper. 

Rocks  assignable  to  the  Cache  Peak  formation  (Tcp)  crop 
out  on  Cache  Peak,  Sweet  Ridge,  Bopesta  Ridge  and  vicinity 
(Figure  9,  Plate  I).  The  formation  consists  predominantly  of 
andesitic  agglomerates,  breccias,  and  flows,  and  apparently 
decreases  in  thickness  from  north  to  south.  Dibblee  and  Louke 
(1970)  believe  that  the  source  area  for  these  rocks  was  north- 
east of  Cache  Peak.  Although  not  mapped  in  detail  as  part 
of  this  study,  several  apparent  intrusive  plugs,  composed  of 
porphyritic  hornblende  andesite-dacite,  are  present  along  or 
adjacent  to  the  northeast  margin  of  the  mapped  area.  These 
may  have  been  feeders  to  the  Cache  Peak  formation  (Figure 
10).  These  plugs  were  mapped  as  Tp,  and  are  exposed  east 
of  Cache  Peak  and  Sweet  Ridge.  Detailed  petrographic  work 
is  necessary  to  verify  if  these  plugs  are  an  intrusive  facies  of 
the  Cache  Peak  formation. 

Radiometric  dating  has  not  been  undertaken  for  the  Cache 
Peak  formation,  nor  have  fossils  been  found  within  it.  A 
temporal  correlation  is  suggested  between  the  Cache  Peak 
formation  and  the  Almond  Mountain  Volcanics  on  the  basis 
of  lithologic  similarities.  The  Almond  Mountain  Volcanics 
are  exposed  in  the  Lava  Mountains  south  of  the  Garlock 
fault,  about  50  mi.  (80  km)  east  of  the  study  area.  The  Al- 
mond Mountain  Volcanics  consist  predominantly  of  intru- 
sive porphyritic  andesites  and  extrusive  andesitic  breccias, 
which  intrude  or  rest  with  angular  unconformity  on  the  Bed- 
rock Springs  Formation  (Smith,  1 964).  A Hemphillian  faunal 
assemblage  has  been  collected  from  the  Bedrock  Springs  For- 
mation (D.P.  Whistler,  personal  communication).  The  Cache 
Peak  formation  is  post-middle  Miocene  in  age,  and  if  the 
correlation  with  the  Almond  Mountain  Volcanics  is  correct. 


may  be  as  young  as,  or  younger  than  late  Pliocene.  For  con- 
venience, the  formation  is  referred  to  (?)  Pliocene  in  age. 

QUATERNARY  SURFICIAL  DEPOSITS 

Surficial  deposits  have  been  mapped  as  Recent  alluvium  (Qa), 
older  alluvium  (Qoa),  and  landslide  deposits.  Recent  allu- 
vium is  restricted  to  stream  courses,  and  is  a mappable  unit 
only  along  the  larger  streams  of  Cache  Creek,  Oil  Canyon, 
and  Pine  Tree  Canyon.  Stream  terraces,  remnant  outwash 
deposits,  and  colluvium  were  mapped  as  older  alluvium. 
Stream  terraces  are  generally  restricted  to  Cache  Creek,  where 
three  distinct  terrace  levels  can  be  discerned.  The  mapped 
distribution  of  some  of  these  deposits  was  altered  by  flooding 
in  1983.  Alluvial  outwash  deposits  cover  a large  area  in  Horse 
Canyon.  Near  the  steeper  slopes,  these  deposits  become  col- 
luvial in  nature  and  locally  merge  with,  or  are  overlain  by, 
scree.  Several  ridges  in  the  Oil  Canyon  watershed  are  capped 
in  part  by  unconsolidated,  massive,  often  lithologically  het- 
erogeneous materials  interpreted  as  colluvium.  A surficial 
deposit  mapped  as  older  alluvium  in  the  saddle  between 
Cache  Creek  and  Pine  Tree  Canyon  consists  predominantly 
of  aeolian  sand,  but  also  contains  a large  archaeological  com- 
ponent. 

Landslides  are  prevalent  and  many  types  of  mass  wasting 
have  occurred  within  the  mapped  area.  Large  landslides  are 
present  on  the  dip  slopes  north  of  Middle  Knob  and  hill 
6345.  The  geomorphology  of  these  slides  is  characteristic  of 
rotational  slumps.  Evidence  for  rotation  includes  steep  crown, 
reverse  sloping  head  (causing  ponding),  and  hummocky  to- 
pography of  the  slide  foot.  Locally,  outcrops  of  silicified  platy 
tuflaceous  siltstone  breccias  mark  the  rupture  surface.  These 
slides  have  been  incised  and  their  toes  removed  by  erosion 
along  Pine  Tree  Canyon.  Smaller  slumps  continue  to  en- 
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Figure  11.  View  northwest  in  NE  '/a.  Sec.  12,  T 32  S,  R 34  E, 
showing  Engle  Mountain  (right  part  of  photograph)  and,  in  ascending 
elevation  and  stratigraphic  position,  Tk  9,  Tk  10,  Tbl,  and  Tbi. 


croach  into  the  larger  slides.  A large  slump  involving  the 
lower  members  of  the  Kinnick  Formation  has  also  occurred 
on  the  eastern  slope  of  Cache  Creek. 

Block  glide  landslides  are  very  common  near  the  contact 
between  the  Bopesta  and  Cache  Peak  formations.  Large  an- 
desite-dacite  blocks  of  the  Cache  Peak  Formation  have  slid 
over  the  Bopesta  Formation.  The  rupture  surface  is  generally 
inferred  to  be  at  the  contact  between  these  formations,  how- 
ever, the  slide  plane  is  locally  present  in  sediments  of  the 
upper  unit  of  the  Bopesta  Formation.  Where  sediments  of 
the  upper  unit  of  the  Bopesta  Formation  are  involved  in  a 
block  glide,  their  stratigraphy  may  remain  intact  or  become 
contorted.  At  the  distal  end  of  the  slide,  the  andesite-dacite 
blocks  have  disintegrated  into  rubble  that  has  raveled  over 
the  Bopesta  Formation  forming  scree  slopes  (i.e.,  rock  slides). 
Areas  where  the  Bopesta  Formation  is  substantially  or  totally 
covered  by  these  deposits  are  mapped  as  scree. 

A noteworthy  slide  involves  agglomerates  of  unit  Tbi  of 
the  Bopesta  Formation  at  Indian  Caves.  Michael  (1960)  in- 
terpreted the  outcrop  pattern  here  as  resulting  from  thrust 
faulting.  I believe,  however,  that  the  Indian  Caves  outcrop 
represents  a slide  block  from  the  outcrops  above. 

DESCRIPTIVE  GEOLOGY  OF  THE 
BOPESTA  FORMATION 

LITHOSTRATIGRAPHY 

The  Bopesta  Formation  consists  predominantly  of  volcani- 
clastic  conglomerates,  arenites,  wackes,  and  mudstones,  of 
fluviatile  origin.  Subordinate  deposits  indicative  of  lacustrine 
or  paralimnetic  depositional  environments  are  represented 
by  mudstones  and  shales,  silicified  stromatolitic  algal  bound- 
stones  and  fine-grained,  oscillation-rippled  arenites.  Inter- 
stratified  pyroclastic  and  mixed  pyroclastic-epiclastic  depos- 
its (i.e.,  tuffites  of  Schmid,  1981),  although  a relatively  minor 
component  of  the  formation’s  thickness,  are  areally  extensive 
and  are  useful  marker  beds.  These  markers  facilitated  struc- 


tural mapping  and  provided  a framework  for  understanding 
lateral  facies  changes  in  the  fluviatile  and  lacustrine  deposits. 
For  descriptive  purposes,  two  of  these  markers  were  used  to 
informally  subdivide  the  formation  into  lower  (Tbl),  middle 
(Tbm),  and  upper  (Tbu)  units.  These  units  are  arbitrarily 
defined  with  respect  to  sediment  lithology  and  mode  of  de- 
position. One  lithologically  distinctive  agglomerate  unit  was 
referred  to  as  the  Indian  Caves  member  of  the  Bopesta  For- 
mation by  Michael  (1960).  This  member  is  referred  to  here 
as  the  informal  unit  Tbi.  The  generalized  stratigraphic  re- 
lationship of  these  units  is  shown  diagrammatically  in  Fig- 
ure 2. 

Stratotypes  of  the  Bopesta  Formation  proposed  by  pre- 
vious investigators  were  found  to  be  inadequate,  as  discussed 
above.  A neostratotype  (Plate  II,  Section  II)  is  designated 
here  along  a north-northwest  trending  transect  from  the  NW 
'/4,  Sec.  4,  T 32  S,  R 35  E to  the  SE  'A,  Sec.  32,  T 3 1 S,  R 35  E, 
in  a canyon  draining  south  into  Pine  Tree  Canyon.  The  lo- 
cation of  the  neostratotype  was  selected  because  all  four  units 
of  the  Bopesta  Formation  are  present  and  are  well  exposed. 
Two  additional  stratigraphic  sections  of  the  Bopesta  For- 
mation were  measured,  east  and  west  of  the  neostratotype, 
and  are  shown  on  Plate  II,  Sections  I and  III. 

Unit  Tbl.  The  base  of  the  lowest  unit  of  the  Bopesta  For- 
mation is  defined  as  the  top  of  the  stratigraphically  highest 
basalt  of  the  Kinnick  Formation,  member  Tk  1 0.  The  contact 
between  Tk  10  and  Tbl  is  conformable,  sharp,  and  traceable 
laterally  through  the  mapped  area  (Figure  1 1).  Lithologically, 
this  contact  separates  the  Kinnick  Formation,  pyroclastic  and 
epiclastic  deposits  intercalated  with  basaltic  flows,  from  the 
Bopesta  Formation,  which  is  comprised  chiefly  of  sedimen- 
tary deposits  with  minor  pyroclastic  and  tuflite  interbeds. 
The  selection  of  this  boundary  arbitrarily  separates  the  epi- 
clastic deposits  of  the  upper  Kinnick  Formation  (Tk  7 and 
Tk  9)  from  the  epiclastic  deposits  of  the  lower  part  of  the 
Bopesta  Formation. 

Tbl  is  directly  overlain  by  the  middle  unit,  Tbm,  in  the 
eastern  part  of  the  mapped  area.  The  top  of  Tbl  is  defined 
as  the  sharp  basal  contact  of  an  extensive,  thick  to  very  thick, 
tabular,  tuffite  marker  bed.  The  tuflite  is  a greenish  gray 
weathering,  moderately  to  poorly  sorted,  tuflaceous  conglom- 
eratic wacke.  Lapilli  clasts  range  from  grayish  white  to  red- 
dish brown,  hornblende  to  plagioclase  porphyritic  andesite. 
At  the  neostratotype  (Plate  II),  this  tuflite  is  about  285  ft. 
(87  m)  above  the  base  of  the  formation.  Approximately  1000 
ft.  (305  m)  east  of  the  type  section  (Plate  I),  a unit  of  ag- 
glomerates, Tbi,  becomes  intercalated  with  Tbl  and  extends 
to  the  west.  Some  30  ft.  (9  m)  below  the  tuflite  marker  at  the 
neostratotype,  Tbi  crops  out  and  is  about  20  ft.  (6  m)  thick, 
so  that  the  combined  thickness  of  Tbl  there  is  265  ft.  (8 1 m). 
The  tuflite  marker  is  concealed  and  apparently  pinches  out 
to  the  west  in  the  Tehachapi  NE  7.5-minute  quadrangle.  In 
the  western  portion  of  the  mapped  area,  Tbl  interfingers  with 
and  is  overlain  by  Tbi. 

The  lithotypes  embraced  in  unit  Tbl  are  heterogeneous  and 
may  undergo  rather  abrupt  vertical  facies  and  lateral  thick- 
ness changes.  Overall,  the  deposits  of  this  unit  indicate  a 
paralimnetic  or  lacustrine  depositional  environment.  How- 
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Figure  12.  View  southeast  in  Sec.  34,  T 31  S,  R 34  E,  showing  an 
agglomerate/breccia  of  Tbi  in  foreground,  overlain  by  a volcanic 
conglomerate  and  interbedded  mudstones  and  cherts  of  Tbl.  The 
cherts  and  mudstones  are  part  of  the  Phillips  Ranch  locality  (V-2577 
and  LACM(CIT)  503). 


ever,  in  the  eastern  part  of  the  mapped  area  (NE  'A,  Sec.  4 
and  NW  ‘A,  Sec.  3,  T 32  S,  R 35  E and  Sec.  34,  T 31  S,  R 
35  E),  a coarse  tuffaceous  facies  is  present. 

In  the  western  mapped  area,  in  the  vicinity  of  the  Phillips 
Ranch  faunal  locality  (Sec.  34,  T 31  S,  R 35  E),  Tbl  inter- 
digitates  with  andesitic  agglomerates  and  breccias  of  unit  Tbi. 
Tbl  is  well  exposed  here,  consisting  of  interbedded  cherts, 
tuffs,  and  volcanic  conglomerates,  arenites,  wackes,  and 
mudstones.  Two  thick  volcaniclastic  conglomerate  beds  rest 
on  two  of  the  intercalated  agglomerates.  Above  the  lower 
conglomerate  are  interstratified  cherts  and  mudstones  that 
are  about  30  ft.  (9  m)  thick  (Eigure  12).  The  cherts  occur  as 
stringers  to  medium-thick  beds.  The  stringers  often  exhibit 
crinkled  bedding  characteristic  of  a stromatolitic  algal  bound- 
stone.  An  abundance  of  subhorizontal  to  vertical  root  casts 
in  the  cherts  and  juxtaposed  mudstones  suggests  that  the 
cherts  are  secondary  in  origin,  replacing  calcareous  mud- 
stones and/or  limestones  deposited  in  a paralimnetic  envi- 
ronment. Furthermore,  because  the  root  casts  in  the  mud- 
stones also  are  silicified,  they  may  have  functioned  as  conduits 
for  post-depositional  silica  migration.  The  Phillips  Ranch 
local  fauna  was  collected,  at  least  in  part,  from  this  unit. 

The  upper  volcanic  conglomerate  of  Tbl  is  bright  blue- 
green,  contains  subangular  andesitic  cobbles  and  boulders, 
and  exhibits  a sharp,  erosional  base.  Locally  above  this  is  a 
sparsely  fossiliferous,  thin-bedded,  white  porcellanite  that 
probably  represents  a silicified  tuff.  Just  below  the  top  of  Tbl 
there  is  a thin-  to  very  thick-bedded,  fine  ash,  air-fall  tuff. 
This  tuff  is  also  locally  silicified  or,  as  at  the  Filtrol  Corpo- 
ration quarry,  altered  to  zeolites  (notably  naturalite).  Axelrod 
(1939)  described  a Miocene  flora  from  this  quarry  (locality 
P-3643).  At  the  base  of  the  tuff  is  a dense  tangled  mass  of 
sedge  and  reed-like  plants.  Within  the  tuff  are  scattered,  ran- 
domly oriented  leaves,  mostly  of  woody  plants.  Axelrod  ( 1939) 
also  found  freshwater  snails  (Limnaea  and  IPlanorbis)  locally 
in  a mudstone  above  the  tuff.  Above  this  and  below  the 


Figure  13.  View  east  along  Pine  Tree  Canyon  showing  Tk  10,  Tbl, 
and  Tbi  at  the  neostratotype  section  of  the  Bopesta  Formation.  The 
Mojave  Desert  is  in  the  background. 


overlying  agglomerate  of  Tbi,  "^Merychippus"  carrizoensis 
and  abundant  palm  fossils  are  present.  This  tuff  is  a useful 
marker  and  can  be  traced  in  Sec.  33  and  34,  T 31  S,  R 34  E 
and  in  the  SW  'A,  Sec.  2,  T 32  S,  R 34  E,  where  it  is  massive 
and  very  thick  bedded. 

Tbl  thickens  to  the  southeast  where  it  is  well  exposed  on 
the  steep  south  slopes  of  Engle  Mountain  (SE  ‘A,  Sec.  1 and 
NW  ‘A,  Sec.  12,  T 32  S,  R 34  E,  and  SW  ‘A,  Sec.  6 and  NW 
‘A,  Sec.  7,  T 31  S,  R 35  E)  (Figure  1 1).  Present  immediately 
above  Tk  10  is  a silicified  algal  boundstone  about  1.5  ft.  (0.5 
m)  thick.  Above  this  are  two  very  thick  units  of  thinly  lam- 
inated, medium-grained  arenites  with  an  intervening  unit  of 
dark  gray  shale.  Above  the  sandstone  is  a very  thick  sequence 
of  massive  mudstone  that  becomes  laminated  in  its  upper 
portion.  Resting  upon  the  mudstone  is  a pinkish  white,  me- 
dium-bedded, coarse  tuff  that  is  overlain  by  a very  thick  unit 
of  interstratified,  fine-  to  medium-grained  arenite.  The  ar- 
enite  exhibits  internal  sets  of  cross  and  parallel  laminae,  and 
oscillation  ripples  on  bedding  surfaces.  Above  this  is  a se- 
quence of  interbedded  mudstones  and  arenites  capped  by  an 
agglomerate  of  unit  Tbi.  The  agglomerate  is  overlain  by  a 
thick  sequence  of  fissule  mudstone  that  is  in  turn  overlain 
by  the  stratigraphically  highest  agglomerate  of  unit  Tbi. 

At  the  neostratotype  (Plate  II),  in  the  NW  ‘A,  Sec.  4,  T 32 
S,  R 35  E,  unit  Tbl  consists  mainly  of  interbedded  cherts, 
siliceous  siltstones,  and  volcanic  arenites,  wackes,  and  mud- 
stones (Figure  1 3).  Above  the  contact  with  the  deeply  weath- 
ered dark  green-brown  basalt  of  Tk  10,  rests  about  100  ft. 
(30  m)  of  interbedded  volcanic  arenites  and  mudstones.  The 
massive,  very  thick-bedded,  gray-green  mudstone  exhibits 
creamy  mottling,  interpreted  as  representing  altered  pumi- 
ceous  lapilli  fragments.  The  volcanic  arenites  are  light  gray 
to  yellow-gray,  medium-  to  thick-bedded,  tabular  or  lentic- 
ular, medium-  to  coarse-grained  and  moderately  to  well  sort- 
ed, with  crude  plane-parallel  lamination. 

The  overlying  60  ft.  (18  m)  of  strata  are  composed  of 
interbedded  cherts,  siliceous  siltstones,  and  volcanic  mud- 
stone. A lower  siliceous  sequence,  16  ft.  (5  m)  thick,  includes 
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Figure  14.  Close-up  of  Ihe  lower  sequence  of  cherts,  siliceous  silt- 
stones,  and  volcanic  mudstone  of  Tbl  at  the  neostratotype  section. 
The  resistant  beds  are  16  ft.  (5  m)  thick. 


a thick-bedded  massive  chert  overlain  by  interstratified,  thin- 
to  medium-bedded,  platy  to  massive  siliceous  siltstones  (Fig- 
ure 14).  Some  of  the  siliceous  beds  have  occasional  lapilli 
clasts,  and  parting  surfaces  of  the  platy  siltstones  commonly 
have  oxidized  plant  impressions.  These  siliceous  rocks  are 
overlain  by  18  ft.  (5.5  m)  of  massive,  green-gray  volcanic 
mudstone.  The  mudstone  in  turn,  is  overlain  by  a medium- 
to  thick-bedded  sequence  of  massive  wackes.  An  upper  si- 
liceous sequence,  like  the  lower  one,  consists  of  a thick-bed- 
ded chert  overlain  by  interbedded,  platy  to  massive,  siliceous 
mudstones.  Lapilli  fragments  also  are  found  in  the  massive 
siltstones  and  plant  fragments  are  present  on  the  bedding 
planes  of  the  platy  siltstones.  Elongated  chert  nodules  are 
parallel  to  bedding  in  the  massive  siltstones.  This  indicates 
that  the  chert  is  secondary  in  origin  and,  as  discussed  above, 
may  be  replacing  primary  calcareous  deposits. 

The  upper  portion  of  unit  Tbl,  excluding  the  intercalated 
agglomerate  of  unit  Tbi,  consists  of  an  overall  upward-fining 
sequence  of  interbedded  volcanic  arenites,  wackes,  and  mud- 
stones. The  wackes  and  mudstones  are  generally  thick-  to 
very  thick-bedded,  massive,  and  have  scattered  altered  la- 
pilli fragments.  The  volcanic  arenites  are  thin-bedded  with 
sharp  basal  contacts,  fine-  to  medium-grained,  well  sorted 
and  typically  plane-parallel  laminated.  Interbedded  in  the 
finer  arenites  is  a thick-bedded,  tabular  volcanic  conglom- 
eratic arenite.  It  is  poorly  sorted,  ranging  from  fine-sand  to 
pebble-sized  lapilli  and  exhibits  plane-parallel  lamination. 

Unit  Tbl  thins  to  the  east,  with  the  mudstones  and  cherts 
that  pinch  out  being  replaced  by  coarse  arenites  and  tuffites. 
At  stratigraphic  section  III  (Plate  II)  in  Sec.  34,  T 31  S,  R 
35  E,  the  basal  contact  is  obscured  and  probably  faulted.  The 
basal  sequence  here  consists  of  poorly  exposed  volcanic  wacke 
and  coarse-grained  arenite.  Above  this,  Tbl  consists  of  re- 
sistant volcanic  conglomerates  and  tuffites  interbedded  with 
less  resistant  volcanic  arenite  and  wacke.  The  tuffites  are 
gray-green,  thick-  to  very  thick-bedded,  tabular  and  some- 
what extensive,  texturally  massive,  and  exhibit  sharp  basal 
contacts.  They  consist  of  poorly  to  very  poorly  sorted,  sub- 
rounded to  subangular,  coarse-sand  to  pebble-sized  lapilli 


Figure  15.  An  andesitic  breccia  and  overlying  agglomerate  of  the 
lower  subunit  of  Tbi  in  the  NW  'A,  NW  '/,,  Sec.  35,  T 31  S.  R 34  E. 
Note  lack  of  internal  stratification  and  the  diffuse  contact  between 
the  breccia  and  agglomerate.  Map  board  is  1 ft.  (30  cm)  in  length. 

fragments  in  a tuffaceous  wacke  matrix.  The  volcanic  con- 
glomerates are  thick-bedded,  texturally  massive,  and  consist 
of  poorly  sorted,  subangular  to  rounded,  granule  to  pebble 
clasts  in  a coarse-grained  arenite  matrix.  The  less  resistant 
volcanic  wackes  and  arenites  are  texturally  massive  and  poor- 
ly sorted,  containing  clasts  up  to  granule  and  boulder-size, 
respectively. 

Unit  Tbi.  This  unit  is  composed  of  andesitic  agglomerates 
and  breccias.  Very  thick-bedded  agglomerates  are  interstrat- 
ified with  and  overlie  the  sediments  of  unit  Tbl.  Mapping  of 
this  unit  is  complicated  because  it  cannot  be  defined  simply 
as  the  strata  enclosed  by  a lower  and  upper  contact.  The 
clasts  of  the  agglomerates  are  transitional  between  andesite 
and  dacite.  Phenocrysts  include  hornblende,  plagioclase,  and 
rare  embedded  quartz  (less  than  5 percent).  The  ground  mass 
is  pilotaxitic  to  cryptofelsitic.  Because  geochemical  analyses 
were  not  undertaken,  these  clasts  will  be  referred  to  as  an- 
desite senso  lato.  Although  mapped  as  one  unit,  two  subunits 
can  be  recognized  on  the  basis  of  phenocryst  composition  of 
the  clasts.  The  lower  agglomerate-breccia  subunit  is  com- 
posed of  heterolithic  clasts  that  have  phenocryst  assemblages 
ranging  from  predominantly  hornblende  to  predominantly 
plagioclase,  with  intermediate  mixtures  of  both.  The  clasts 
of  the  upper  agglomerate  subunit  are  characterized  by  the 
predominance  of  plagioclase  phenocrysts.  Tbi  is  thickest  in 
the  northwestern  portion  of  the  mapped  area,  where  both 
subunits  crop  out. 

The  lower  agglomerate-breccia  subunit  consists  of  several 
beds  that  are  interstratified  with  the  sediments  of  Tbl.  The 
lower  beds  are  buff  colored  with  gray-white  and  dark  red- 
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Figure  16.  Close-up  of  the  breccia  shown  in  Figure  15.  Note  the 
poor  sorting  with  respect  to  both  clast  size  and  angularity.  Map  board 
is  1 ft.  (30  cm)  in  length. 

purple  mottling,  very  thick-bedded  (up  to  20-1-  ft.,  7 m), 
moderately  resistant,  and  internally  non-stratified.  The  clasts 
are  moderately  to  poorly  sorted,  subrounded  to  angular,  la- 
pilli-  to  block-sized,  porphyritic  andesite  (Figures  15,  16). 
Clast  abundance  (i.e.,  visual  determination  of  the  percentage 
of  a bed  composed  of  clasts  as  opposed  to  matrix)  varies 
from  about  40  to  60  percent.  The  matrix  consists  of  sand- 
sized hornblende  and  plagioclase  crystal  fragments,  volcanic 
fragments,  and  authigenic  mud.  These  beds  are  variable  in 
thickness.  They  thicken  greatly  in  Sec.  35,  T 31  S,  R 34  E, 
and  thin  to  the  south  and  southwest  apparently  pinching  out 
in  Sec.  7,  T 32  S,  R 34  E.  Generally,  the  lower  agglomerates 
are  difficult  to  map  because  they  undergo  rapid  lateral  thick- 
ness changes  and  are  locally  poorly  exposed. 

The  upper  bed  of  the  lower  subunit  is  a very  thick  (75 -f- 
ft.,  23  m),  resistant,  extensive,  tuffaceous  breccia-agglomer- 
ate. The  color  of  the  weathered  breccia-agglomerate  depends 
on  the  amount  of  varnish  and  lichen,  but  generally  ranges 
from  brownish  orange  to  black  over  a pale  greenish  gray  to 
buff  with  gray-white  and  purple-gray  mottles.  On  fresh  sur- 
faces the  matrix  is  locally  bright  blue-green.  The  thick  se- 
quence is  very  poorly  sorted  and  internal  stratification  is  not 
apparent.  The  basal  contact  is  typically  sharp,  but  large-scale 
load  structures  are  present  locally.  Clast  abundance  is  vari- 
able, ranging  from  up  to  60  percent  in  the  western  area  to  as 
low  as  30  percent  in  the  eastern  mapped  area.  Clasts  are 
subrounded  to  subangular  and  range  from  lapilli  to  blocks 
over  3 ft.  (1  m)  in  diameter.  Clast  size  also  decreases  from 
west  to  east.  The  clasts,  although  andesitic,  are  heterolithic 
with  respect  to  their  phenocryst  assemblages.  The  matrix  is 
composed  of  sand-sized  hornblende  and  plagioclase  crystal 


Figure  17.  Agglomerate/breccias  of  the  lower  subunit  of  Tbi  in  the 
NW  ■/4,  NE  '4,  Sec.  1 1 , T 32  S,  R 34  E.  Interstratified  sediments  of 
TbI  are  poorly  exposed.  The  outcrop  on  the  horizon  is  the  most 
extensive  bed  of  Tbi. 


fragments,  volcanic  fragments,  and  authigenic  mud.  An 
opaque  iron  mineral  is  present  along  clast  margins  and  has 
replaced  many  of  the  hornblende  phenocrysts  along  with 
hematite.  Throughout  its  extensive  outcrop,  the  color,  tex- 
ture, and  composition  vary  somewhat.  However,  its  relative 
resistance  to  erosion  has  resulted  in  extensive  exposures,  that 
are  often  of  bold  relief  (Figure  17).  The  characteristic  nature 
of  this  bed  facilitated  lithostratigraphic  correlation  of  the 
lower  sequence  between  the  eastern  and  western  parts  of  the 
mapped  area. 

The  upper  agglomerate  subunit  crops  out  in  the  northwest 
part  of  the  mapped  area,  and  is  exposed  best  along  the  ridge 
in  the  south-central  part  of  Sec.  34,  T 31  S,  R 34  E.  Here 
the  upper  agglomerates  are  dark  purplish  to  reddish  gray, 
very  thick  bedded,  poorly  sorted,  and  lack  internal  stratifi- 
cation. Clasts  are  subangular  to  rounded,  ranging  in  size  from 
lapilli  to  blocks  over  3 ft.  (1  m)  in  diameter;  they  compose 


Figure  18.  Agglomerate  of  the  upper  subunit  of  Tbi  in  the  NE  '4, 
SW  '4,  Sec.  34,  T 3 1 S,  R 34  E.  Note  the  poor  size  sorting  of  the 
clasts,  subangular  to  subrounded  shape  of  the  clasts  and  lack  of 
internal  stratification.  Field  notebook  is  6 in.  (15  cm)  in  length. 
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Figure  19.  Upper  marker  bed  separating  Tbm  and  Tbu  in  the  SW 
'/t.  Sec.  32,  T 3 1 S,  R 35  E.  This  bed  consists  of  a granule  to  gravel 
tuffaceous  breccia.  Upper  portion  of  the  marker  is  not  shown  here. 
Jacob’s  staff  is  5 ft.  (1.5  m)  in  length.  Up  is  to  the  left. 


between  30  and  60  percent  of  the  agglomerate  (Figure  18). 
The  clasts  are  monolithic,  porphyritic  hornblende  plagioclase 
andesite. 

Unit  Tbm.  This  is  the  thickest  and  most  widely  exposed 
unit  of  the  Bopesta  Formation.  At  the  neostratotype  this  unit 
is  about  1000  ft.  (305  m)  thick.  Grouped  between  two  tuffite 
marker  beds,  unit  Tbm  consists  of  a lower  lacustrine  se- 
quence and  an  overlying  fluviatile  sequence.  The  Tbl/Tbm 
contact  is  defined  in  the  eastern  half  of  the  mapped  area  as 
the  base  of  the  lower  tuffite  marker.  Where  the  marker  bed 
is  concealed,  and  where  it  apparently  pinches  out  to  the  west, 
the  lower  boundary  of  Tbm  is  taken  as  the  top  of  the  highest 
agglomerate  of  unit  Tbi.  Unit  Tbm  is  overlain  by  unit  Tbu 
around  the  south  flank  of  Sweet  Ridge.  The  contact  between 
the  two  is  defined  as  the  top  of  another  distinctive  tuffite 
marker  bed.  This  tuffite  consists  of  two  components,  of  which 
the  lower  thins  and  fines  from  west  to  east.  In  the  west,  the 
lower  part  of  the  marker  is  a pinkish  orange-stained,  olive- 
green  to  drab  tuffaceous  breccia  (Figure  19).  The  breccia  is 
very  thick-bedded,  resistant,  moderately  to  poorly  sorted  with 
angular  to  subrounded  clasts  ranging  from  granule  to  gravel 
in  size.  To  the  east,  the  lower  part  is  represented  by  an  olive- 
green,  medium-  to  thick-bedded,  moderately  resistant,  well- 
sorted,  fine-  to  medium-grained  volcanic  arenite.  The  upper 
part  of  this  marker  bed  is  less  resistant,  but  is  very  distinctive, 
being  composed  almost  entirely  of  grayish  white  lapilli  frag- 
ments (Figure  20).  Measured  stratigraphic  sections  through 
Tbm  are  shown  on  Plate  II. 

The  lower  portion  of  unit  Tbm  is  represented  by  a sequence 
of  interbedded  fine-grained  volcanic  arenites,  wackes,  mud- 
stones, and  cherts.  These  deposits  are  similar  to  those  of  unit 
Tbl,  and  represent  a continuation  of  lacustrine  and  marginal 
lacustrine  deposition  into  unit  Tbm.  This  facies  thins  from 
west  to  east,  pinching  out  in  the  NE  'A,  Sec.  4,  T 32  S,  R 
35  E. 

The  lower  sequence  of  Tbm  is  widely  exposed  in  the  west- 
ern mapped  area  (E  'A,  Sec.  34  and  W '/2,  Sec.  35,  T 31  S,  R 


Figure  20.  Upper  marker  bed  in  SE  'A,  Sec.  33,  T 31  S,  R 35  E. 
Lower  resistant  portion  of  the  marker  is  a fine-  to  medium-grained 
volcanic  arenite.  The  upper  part  is  composed  almost  entirely  of 
grayish  white  lapilli  tuffite.  Scale  in  the  center  of  the  photograph  is 
6 in.  (1 5 cm)  in  length. 


34  E).  Lying  on  unit  Tbi  is  a thick-bedded,  tabular,  massive 
chert.  The  color  of  the  weathered  chert  is  white  with  orange- 
brown  stains,  but  its  internal  color  is  dark  brown  to  black. 
This  bed  is  very  resistant  and  locally  caps  dip  slopes.  The 
overlying  interbedded  cherts,  volcanic  arenites,  and  wackes 
are  not  as  well  exposed  and  are  often  obscured  by  chert  float. 
Michael  ( 1 960)  correlated  this  sequence  to  the  Phillips  Ranch 
faunal  locality  cherts.  Although  lithologically  similar,  these 
cherts  are  not  stratigraphically  correlative. 

The  lower  sequence  of  Tbm  is  poorly  exposed  in  the  central 
mapped  area.  Farther  east,  in  the  area  of  the  neostratotype, 
the  lower  portion  of  this  unit  is  exposed.  The  sequence  here 
is  similar  to  that  in  the  western  area,  however,  the  chert  beds 
are  not  as  voluminous.  Most  of  this  sequence  is  composed 
of  interbedded  fine-grained  volcanic  arenites,  wackes,  and 
some  poorly  exposed  mudstones  and  cherts.  The  volcanic 
arenites  and  wackes  vary  from  thin-  to  thick-bedded,  are 
texturally  massive,  and  often  contain  silicified  root  casts  and 
faint  vertical  burrows.  Chert  nodules  are  present  along  pri- 
mary depositional  laminae  in  one  of  the  wacke  beds,  sug- 
gesting that  some  of  the  cherts,  at  least  locally,  are  secondary 
in  origin. 

Fluviatile  deposits  are  the  primary  constituents  of  unit 
Tbm.  Accompanying  the  fluviatile  deposits  is  a change  in 
clast  composition  and  provenance.  In  the  lacustrine  and  mar- 
ginal lacustrine  facies  of  Tbl  and  lower  Tbm,  the  clastic  sed- 
iments are  composed  of  locally  derived  volcanics.  Volcani- 
clastics  also  predominate  in  the  fluviatile  deposit,  but  plutonic 
and  rare  metamorphic  clasts  are  present  in  the  coarser  facies. 
The  latter  two  clast  types  could  also  have  been  locally  de- 
rived. The  fluviatile  deposits  are  fossiliferous,  containing 
sparse  micro-  and  macro-vertebrate  remains. 

The  transition  between  the  lacustrine  and  the  fluviatile 
deposits  of  unit  Tbm  is  poorly  exposed  and  complicated  by 
faulting  in  the  west  and  central  mapped  area.  In  the  area  of 
the  neostratotype  (Sec.  4,  T 32  S,  R 35  E),  the  transition  is 
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Figure  21.  Crossing  the  center  of  the  photograph  is  a thick-bedded, 
olive-green,  intralaminated,  fine-grained,  biotitic,  tuffaceous  arenite. 
Tuffites  like  this  are  common  in  Tbm.  Jacob’s  staff  is  5 ft.  (1.5  m) 
in  length. 


exposed,  but  is  subtle.  The  lower  sequence  gives  way  to  very 
thick  mudstone  deposits  interbedded  with  volcanic  arenites, 
and  subordinate  sideritic  mudstones  and  biotitic  tuffites.  The 
fine-grained  deposits  of  the  transition  here  interdigitate  lat- 
erally with  coarser  fluviatile  deposits,  both  westward  and 
eastward.  This  relationship  is  shown  by  the  biotitic  tuffites 
that  persist  into  the  coarser  facies. 

These  tuffites  are  purplish  gray  to  olive-green  weathering, 
gray-green,  medium-  to  thick-bedded,  plane-parallel  intra- 
laminated to  massive,  very  fine  to  coarse-grained,  tuffaceous 
biotitic  arenites  and  wackes  (Figure  21).  Marked  by  sharp 
basal  contacts,  these  beds  are  resistant,  tabular,  and  exten- 
sive. The  tuffites  consist  of,  in  decreasing  order  of  abundance, 
plagioclase,  biotite  and  quartz  grains,  and  pilotaxitic  lapilli 
fragments  in  a microgranular  to  murky  submicroscopic  ma- 
trix. Most  of  these  tuffites  are  distinguished  by  their  biotite 
crystals  and  crystal  fragments  that  are  quite  visible  in  hand 
samples.  The  purplish  tint  of  the  tuffite  is  due  to  the  presence 
of  authigenic  clays. 

The  fluviatile  sequence  consists  chiefly  of  very  thick-bed- 
ded, coarse-grained  arenites  and  conglomerates,  thin-  to  thick- 
bedded  lenses  and  sheets  of  medium-  to  coarse-grained  ar- 
enites, and  very  thick  wacke  and  mudstone  deposits  (Figure 
22).  These  are  interpreted  as  representing  channel  fills,  sand 
splays,  and  overbank  deposits,  respectively.  The  proportions 
of  these  deposits  vary  laterally;  however,  the  channel  fills  are 
subordinate  to  the  sand  splays  and  overbank  deposits  in 
cumulative  thickness.  All  of  these  fluviatile  facies  are  fossil- 
iferous. 

Channel  deposits  are  quite  variable  in  their  textures  and 
sedimentary  structures.  In  outcrop  they  are  most  commonly 
yellowish  green,  very  thick-bedded,  resistant,  locally  lentic- 
ular to  somewhat  extensive  tabular  bodies.  The  channel  fills 
are  found  as  a single  deposit,  or  as  stacks  of  deposits.  When 
stacked,  lower  channel  fills  tend  to  be  partially,  or  nearly,  cut 
out  by  subsequent  scour,  and  covered  by  fill. 

An  upward  fining  of  particle  size  is  characteristic  of  the 


Figure  22.  Jacob’s  staff  is  placed  on  a tuffite  of  Tbm  in  the  SW  'A, 
Sec.  3 1 , T 3 1 S,  R 35  E,  on  the  south  bank  of  Cache  Creek.  The 
sequence  above  the  tuffite  consists  of  interbedded  light  gray,  medi- 
um- to  coarse-grained  arenites  and  gray-green  wackes  and  mud- 
stones. The  sequence  is  capped  by  an  orange-stained,  yellow-green, 
tabular  cross-stratified,  locally  conglomeratic,  coarse-grained  are- 
nite. 

channel  deposits.  A sharp  erosional  basal  contact  with  local 
scour  channels  is  typical.  The  scour  channels  are  often  back- 
filled with  poorly  sorted,  subrounded  to  rounded,  coarse  sand 
to  boulders  up  to  2 ft.  (0.6  m)  in  diameter  (Figure  23).  The 
lag  deposits  are  mostly  composed  of  gravel-  to  cobble-sized 
clasts  that  rarely  exhibit  crude  imbrication.  Tabular  cross- 
beds of  moderately  sorted,  coarse-grained,  conglomeratic, 
lithic  arenites  typically  overlie  the  lag  deposits.  In  turn,  these 
cross-beds  are  diffusely  overlain  by  plane-parallel  laminated, 
moderately  to  well  sorted,  medium-  to  very  coarse-grained 
arenites. 

Several  variations  to  this  sequence  occur.  Tabular  or  trough 
cross-stratification,  or  plane-parallel  stratification  of  coarse- 
grained arenites  may  be  present  above  the  basal  contaet  of 
the  channel  fill.  Trough  cross-stratification  may  also  be  pres- 
ent in  medium-  to  coarse-grained  arenites  in  the  medial  por- 


Figure  23.  A stacked  channel  fill  of  Tbm,  along  stratigraphic  sec- 
tion I,  exhibiting  a very  coarse  lenticular  lag  deposit.  Jacob’s  staff  is 
5 ft.  (1.5  m)  in  length. 
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Figure  24.  Isolated  dentary  of  Merychippiis  cf.  A/,  intennontamis 
(UCR  20858)  in  a coarse  sand-grained  matrix.  The  specimen  occurs 
in  a conglomerate  and  coarse-grained  arenite  channel  fill  in  Tbm, 
along  stratigraphic  section  I.  Scale  above  the  dentary  is  6 in.  ( 1 5 cm) 
in  length. 


tion  of  the  channel  fill.  Small-scale  cross-lamination  is  ap- 
parently lacking  in  these  deposits,  perhaps  due  to  the 
coarseness  of  the  detritus.  Isolated,  disarticulated  vertebrate 
elements  and  fragmentary  pieces  of  silicified  wood  are  rare 
in  the  channel  fills  (Figure  24). 

Thin  stringers  to  medium-bedded  lenses  and  sheets  of  rel- 
atively resistant,  fine-  to  coarse-grained  arenites  are  repeti- 
tively interbedded  in  the  very  thick  wacke  and  mudstone 
deposits  (Figures  22,  25).  These  interbeds  consist  of  light 
gray,  moderately  to  well  sorted,  grain-supported,  volcanic 
arenites.  The  basal  contact  of  these  deposits  is  usually  sharp 
but  irregular.  Internally,  the  arenites  are  typically  massive, 
however,  plane-parallel  lamination  and  tabular  cross-strat- 
ification are  rarely  present.  Root  casts  and,  less  commonly, 
vertebrate  fossils  are  present  in  these  beds. 

Thick-bedded,  tabular,  extensive,  light  gray,  grain-sup- 
ported,  medium-  to  coarse-grained  arenite  and  conglomer- 
atic lithic  arenite  are  infrequently  interbedded  between  the 
thick  wacke  and  mudstone  units.  These  beds  are  often  stacked 
and  exhibit  plane-parallel  lamination. 

Thick  deposits  of  wacke  and  mudstone  comprise  a major 
component  of  unit  Tbm.  The  wackes  are  composed  of  fine 
sand  and  silt  in  a mud  matrix.  These  fine-grained  deposits 
are  less  resistant  than  the  conglomerates  and  arenites  of  the 
unit  and  are  best  exposed  in  canyon  badlands.  Where  deeply 
weathered  and  mantled  by  a slaked  surface,  they  appear  mas- 
sive, ranging  from  light  to  dark  grayish  green  and  drab.  How- 
ever, where  well  exposed,  these  deposits  are  variegated  light 
and  dark  gray-green  interbedded  wackes  and  mudstones  (Fig- 
ure 25).  Fissility  was  not  observed  in  any  of  these  fine-grained 
deposits.  Root  casts  are  locally  very  abundant  and  vertebrate 
fossils  are  common. 

Interstratified  in  some  of  the  thicker  mudstone  units  are 
red-brown  to  maroon,  medium-  to  thick-bedded,  lenticular 
to  tabular,  texturally  massive,  sideritic  mudstones.  Whether 
or  not  the  siderite  is  secondary  or  primary  is  unclear.  Some 


Figure  25.  Variegated  light  and  dark  gray-green,  interbedded  wackes 
and  mudstones  of  Tbm  (lower  portion  of  the  photograph).  Light 
gray,  granule  conglomeratic,  coarse-grained  arenite  occurs  at  the  base 
of  the  Jacob’s  staff.  Yellow-green  to  drab,  granule  to  cobble  con- 
glomeratic coarse-grained  arenites  occur  at  the  top  of  the  outcrop. 
Upper  marker  bed  is  visible  in  the  right  central  portion  of  the  pho- 
tograph. Fossil  locality  LACM(CIT)  502  is  on  the  bench  above  the 
upper  marker  bed.  Jacob’s  staff  is  5 ft.  (1.5  m)  in  length. 

reddish  horizons  in  the  mudstone  may  represent  poorly  de- 
veloped paleosols. 

A chert  bed  rests  on  a channel  fill  in  the  area  of  stratigraphic 
sections  I and  III.  Whether  these  cherts  are  stratigraphically 
correlated  is  uncertain.  The  chert  in  Sec.  34,  T 31  S,  R 35  E 
was  thin  sectioned  and  found  to  consist  of  cryptocrystalline 
quartz  and  fossiliferous  porcellanite.  Within  the  porcellanite 
are  preserved  vascular  plant  fragments  and  questionable  dia- 
toms. Although  most  of  the  plant  fragments  were  not  iden- 
tified, some  material  appears  to  represent  grasses.  Moreover, 
fossil  horse  remains  were  found  imbedded  in  the  top  of  the 
chert  bed. 

A few  white,  fine  ash  tuffs  are  present  in  unit  Tbm.  They 
are  thin-bedded,  non-extensive  and  non-resistant,  and  were 
always  found  interbedded  in  thick  wacke  or  mudstone  de- 
posits. 

Unit  Tbu.  This  is  the  least  extensively  exposed  unit  of  the 
Bopesta  Formation,  cropping  out  in  a broad  arcuate  belt 
around  the  southern  flank  of  Sweet  Ridge.  This  unit  typically 
weathers  into  steep  canyon  badlands  that  are  most  prevalent 
in  Sec.  32  and  33,  T 31  S,  R 35  E,  and  Sec.  5,  T 32  S,  R 35 
E.  As  measured  at  the  neostratotype,  Tbu  has  a minimum 
thickness  of  790  ft.  (241  m).  The  base  of  Tbu  is  defined  as 
the  top  of  a lapilli  tuffite  marker  bed.  Unit  Tbu  is  overlain, 
with  angular  unconformity,  by  the  Cache  Peak  formation  of 
Michael  (1960). 

Similar  to  unit  Tbm,  this  unit  consists  predominantly  of 
sediments  interpreted  as  channel  fills,  sand  splays,  and  over- 
bank deposits.  Unique  to  unit  Tbu  are  a few  very  thick  (up 
to  45  ft.,  14  m)  conglomeratic  deposits.  These  deposits  are 
composed  of  interbedded  coarse-grained  arenites  and  con- 
glomerates. The  interbeds  are  diffusely  defined  by  the  amount 
of  gravel-sized  material.  The  arenites  are  medium-  to  very 
coarse-grained,  subangular  to  subrounded,  and  moderately 
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sorted,  excluding  gravel-sized  material.  Although  grain  sup- 
ported, some  argillaceous  material  is  usually  present.  The 
clasts  range  from  granules  to  boulders,  yet  pebble-  to  cobble- 
sized clasts  are  most  common.  These  clasts  are  subrounded 
to  rounded  and  composed  mostly  of  intermediate  volcanics, 
granitics,  quartzite,  and  reworked  tuffites  and  volcanic  sed- 
iments. The  deposits  exhibit  crude  horizontal  stratification 
defined  by  grain  size  variation  and  alignment  of  the  long  axis 
of  the  pebbles  and  cobbles  (Figure  26).  The  conglomerates 
are  rarely  clast  supported. 

The  stratigraphy  of  Tbu  in  upper  Cache  Creek  (NE  'A,  Sec. 
32,  T 31  S,  R 35  E)  has  been  complicated  by  mass  wasting. 
The  original  bedding  has  been  distorted  and  bedding  atti- 
tudes vary  rapidly  within  small  areas.  Deformation  of  the 
sediments  of  Tbu  in  this  area  is  probably  due  to  strain  im- 
posed by  the  overlying  thick  deposits  of  the  Cache  Peak 
formation,  as  previously  noted. 

Unit  Tbu  is  fossiliferous  and  has  produced  several  rich 
fossil  sites.  The  fossils  commonly  are  found  in  sand  splays 
that  exhibit  root  casts,  and  in  the  superjacent  overbank  de- 
posits. 

DEPOSITIONAL  ENVIRONMENT 

The  Bopesta  Formation  was  deposited  along  the  axial  portion 
of  an  elongated  basin.  The  basin  was  bounded  to  the  north- 
west by  an  active  volcanic  highland,  and  to  the  southeast  by 
a granitic  and  metamorphic  basement  terrain.  The  stratig- 
raphy of  the  formation  records  an  overall  upward  coarsening, 
maturation,  and  increase  in  lithologic  heterogeneity  of  clastic 
sediments.  These  trends  indicate  changes  in  source  terrain, 
and  in  gradient  of  the  drainage  basin. 

Two  sedimentary  sequences  are  recognized.  The  lower  se- 
quence is  interpreted  as  having  been  deposited  in  lacustrine, 
marginal  lacustrine  (i.e.,  paralimnetic)  and  distal  alluvial  plain 
environments.  The  upper  fluviatile  sequence  is  interpreted 
as  having  been  deposited  in  migrating  braided  stream  chan- 
nels and  on  an  adjacent  floodplain.  Pyroclastic  and  laharic 
deposits,  derived  from  the  bordering  volcanic  highland,  are 
intercalated  mainly  with  the  lower  sequence.  Laterally,  to  the 
north,  these  deposits  were  laid  down  in  a more  proximal 
volcanic  environment. 

Lacustrine,  paralimnetic,  and  distal  alluvial  facies  are  pres- 
ent in  unit  Tbl  and  in  the  lower  portion  of  unit  Tbm.  The 
evidence  for  paralimnetic  deposition  is  substantial,  whereas 
the  evidence  for  the  others  is  based  to  a large  degree  upon 
facies  association.  A combination  of  lithology,  sedimentary 
structures,  and  fossil  biota  are  indicative  of  the  paralimnetic 
facies.  The  lithologies  of  this  facies  include  chert,  mudstone, 
and  fine-  to  medium-grained  arenites.  The  indicators  of  this 
facies  are:  (1)  silicified  stromatolitic  algal  boundstones,  (2) 
freshwater  mollusks,  (3)  vertical  burrows,  (4)  in  situ  fossil 
sedges  and  rushes,  (5)  root  casts  in  the  cherts  and  mudstones, 
and  (6)  oscillation  ripples  in  the  arenites.  The  cherts  are 
interpreted  as  secondary  in  origin  and  replacement  of  fresh- 
water limestones  that  were  composed  of  micrite.  Micrite, 
deposited  by  carbonate-secreting  aquatic  algae  living  along 
the  margins  of  a relatively  warm  alkaline  lake,  is  indicated 


Figure  26.  Horizontally  stratified,  coarse-grained,  conglomeratic 
arenites  of  Tbu,  along  the  type  section.  Note  the  subrounded  to 
rounded  shape  of  the  clasts.  Jacob’s  staff  is  5 ft.  (1.5  m)  in  length. 


by  the  stromatolitic  algal  boundstones.  The  massive  cherts 
with  root  casts  may  have  replaced  micrites  deposited  inor- 
ganically along  a vegetated  shoreline. 

Interbedded  with  sediments  indicative  of  a paralimnetic 
environment  are  mudstones  and  shale  that  are  very  thick  in 
the  central  part  of  the  mapped  area.  These  fine-grained  sed- 
iments are  presumably  products  of  deposition  from  suspen- 
sion and  are  locally  laminated  but  not  varved.  Megafossils 
or  evidence  of  desiccation  were  not  found.  This  suggests  that 
the  fine-grained  sediments  were  deposited  in  a lacustrine 
environment  that  received  little  organic  matter  and  was,  per- 
haps, too  alkaline  to  support  a limnetic  fauna. 

Interstratified  sequences  of  volcanic  wackes,  arenites,  and 
conglomeratic  arenites  also  are  interbedded  with  paralim- 
netic deposits  in  the  western  and  eastern  part  of  the  mapped 
area.  The  predominant  lithology  of  these  sequences  is  mod- 
erately to  well  sorted,  plane-parallel  stratified  or  massive 
arenites  that  are  sheet-like  in  geometry.  The  granule  to  peb- 
ble, often  lapilli,  moderately  to  poorly  sorted,  conglomeratic 
arenites  exhibit  massive  texture,  plane-parallel  or  crude  cross- 
stratification, and  may  be  tabular  or  lenticular.  The  sedi- 
mentary structures  indicate  traction  deposition  from 
unidirectional  flow.  Because  of  their  close  association  with 
deposits  of  paralimnetic  origin,  these  sediments  are  assumed 
to  represent  distal  alluvial  plain  deposition.  A possible  mode 
of  deposition  for  these  sediments  is  from  catastrophic  sheet 
floods.  This  would  produce  upper  flow  regime  deposits  and 
yield  sheet-like,  fairly  well  sorted  sand  bodies  (Collinson, 
1978;  Nilsen,  1982). 

Agglomerates  and  breccias  of  unit  Tbi  overlie,  or  are  in- 
terbedded with,  the  paralimnetic  and  lacustrine  facies,  re- 
spectively. This  suggests  that  some  of  the  agglomerates  were 
deposited  subaqueously,  at  least  in  part.  This  is  further  sub- 
stantiated by  the  presence  of  load  structures  locally  at  the 
base  of  the  most  extensive  bed  of  Tbi.  This  indicates  that 
the  agglomerate  was  locally  deposited  on  water-saturated 
sediments.  Subaqueous  deposition  may  account  for  the  fairly 
consistent  thickness  and  extensive  tabular  geometry  of  this 
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bed  where  it  is  associated  with  the  lacustrine  facies.  Agglom- 
erates and  breccias  of  Tbi  were  also  deposited,  in  part,  sub- 
areally.  Subareal  deposition  is  indicated  by  the  abundance 
of  palm  wood,  fronds,  and  local  in  situ  stumps  subjacent  to 
the  base  of  the  extensive  agglomerate  bed  in  the  northwestern 
mapped  area. 

Agglomerates  and  breccias  of  Tbi  thicken  and  coarsen  to 
the  northwest,  with  the  unit  attaining  its  maximum  thickness, 
within  the  mapped  area,  in  the  NE  'A,  Sec.  34  and  NW  '/i. 
Sec.  35,  T 31  S,  R 34  E.  The  agglomerates  and  breccias  are 
interpreted  as  lahars.  The  criteria  for  this  interpretation  fol- 
low those  of  Parsons  (1969)  and  are:  (1)  massive  internal 
structure,  (2)  extremely  poor  sorting,  (3)  lack  of  vertical  grad- 
ing, (4)  subangular  to  subrounded  clasts  intermixed  in  a cha- 
otic manner,  (5)  clasts  composed  almost  exclusively  of  vol- 
canic fragments,  and  (6)  thick  beds  of  uniform  thickness  and 
sheet-like  geometry.  The  heterolithic  nature  of  the  lower  sub- 
unit of  Tbi  indicates  that  these  lahars  are  probably  not  py- 
roclastic in  origin,  but  represent  mudflows  emanating  from 
a weathered  volcanic  terrain.  The  upper  subunit  is  charac- 
terized by  subrounded  monolithic  clasts.  The  lack  of  lithic 
mixing  in  this  subunit  may  indicate  a pyroclastic  origin.  In 
any  case,  the  northwesterly  thickening  and  coarsening  of  the 
lahar  agglomerates  and  breccias  suggest  that  an  active  vol- 
canic highland  was  located  just  north  of  the  northwest  mapped 
area. 

The  upper  fluviatile  facies  of  units  Tbm  and  Tbu  consist 
of  sediments  interpreted  as  channel  fills,  sand  splays,  and 
overbank  deposits.  The  channel  fills  are  composed  of  grain- 
supported,  coarse  sands  and  gravels  that  exhibit  an  upward- 
fining  trend.  This  trend  may  result  from  the  decrease  in  flow 
strength  during  the  waning  stages  of  a single  flood  event,  or 
by  mundane  channel  migration. 

A somewhat  idealized  sequence  of  the  primary  sedimen- 
tary structures  of  these  channels  is:  ( 1 ) scoured  basal  contact, 
(2)  lenticular  gravel  lag  deposit,  (3)  tabular  or  trough  cross- 
stratification of  conglomeratic  or  coarse-grained  arenite  pro- 
duced by  bar  or  cross  channel  bar  migration,  and  (4)  plane- 
parallel  stratification  of  medium-  to  coarse-grained  arenite 
produced  by  braid  bar  accretion  (i.e.,  sandflats).  The  coarse- 
ness of  the  sediments,  moderate  to  poor  sorting,  frequency 
of  tabular  cross-stratification,  and  apparent  lack  of  regular 
cyclicity  are  indicative  of  braided  stream  deposition  (Miall, 
1977;  Collinson,  1978;  Cant,  1982). 

Interstratified  with  the  channel  deposits  are  thick,  fine- 
grained wacke  and  mudstone  deposits  that  are  repetitively 
interbedded  by  thin-  to  thick-bedded,  grain-supported  ar- 
enites.  The  mudstone  and  wackes  are  interpreted  as  having 
been  deposited  from  suspension  by  turbid  waters  entering  a 
low-energy  environment.  In  this  model  the  fine  sands  and 
silt  would  settle  first,  resulting  in  the  variegated  wacke  and 
mudstones  observed.  This  low-energy  environment  is  in- 
ferred to  have  been  a floodplain,  based  on  the  juxtaposition 
with  channel  fills,  and  the  presence  of  root  casts,  terrestrial 
vertebrate  fossils,  and  poorly  developed  paleosols  in  the  fine- 
grained deposits.  The  presence  of  in  situ  root  casts  suggests 
only  temporary  subaqueous  conditions. 

The  interbedded  arenites  were  deposited  on  the  floodplain 


sediments  with  sharp,  but  irregular  basal  contacts.  The  fine- 
to  coarse-grained,  moderately  to  well  sorted  arenite  beds  are 
lenticular  to  sheet-like  in  geometry  and  often  exhibit  plane- 
parallel  and,  rarely,  tabular  cross-stratification.  These  char- 
acteristics are  indicative  of  sandbars  driven  from  braided 
streams  out  onto  the  floodplain  during  high  flow  stage  (Cant, 
1982).  These  sand  splays  may  contain  disarticulated  terres- 
trial vertebrate  fossils  and  post-depositional  in  situ  root  casts. 

Several  very  thick  deposits  of  interstratified  coarse-grained 
arenites  and  conglomeratic  arenite  are  present  in  unit  Tbu. 
Crude  horizontal  stratification,  defined  by  grain  size  varia- 
tion and  alignment  of  the  long  axis  of  the  subrounded  pebbles 
and  cobbles,  characterize  these  deposits.  Although  rare  plu- 
tonic  and  metamorphic  grains  and  clasts  are  present  in  the 
channel  fills  of  units  Tbm  and  Tbu,  these  clast  types  are 
conspicuous  in  these  conglomeratic  deposits.  These  clast  li- 
thologies are  locally  derivable  from  the  basement  terrain  to 
the  east.  A western  source  for  these  clasts  does  not  seem 
likely  due  to  the  lack  of  marble  and  schist,  which  are  wide- 
spread lithologies  of  the  basement  terrain  west  of  the  mapped 
area. 

Horizontally  bedded  conglomerates  are  indicative  of  large 
longitudinal  gravel  bars  of  proximal  braided  rivers  (Cant, 
1982).  However,  the  subrounded  to  rounded  clasts  indicate 
a degree  of  textural  maturity  not  expected  in  a proximal 
depositional  environment.  This  may  suggest  that  these  grav- 
els are  polycyclic  in  origin,  an  explanation  not  in  agreement 
with  the  apparent  local  derivation  of  the  clasts.  The  thickness 
of  these  deposits  and  the  lack  of  internal  scour  channels 
indicates  rapid  vertical  accretion.  Along  with  the  increase  in 
the  relative  abundance  of  plutonic  and  metamorphic  clasts, 
coarseness  and  thickness  of  these  channel  fills  may  indicate 
a change  in  the  dynamics  of  the  drainage  basin. 

Interbedded  with  the  fluviatile  sediments  are  chert,  sid- 
eritic  mudstone,  tuffite,  and  tuff.  Two  possibly  correlative 
argillaceous  chert  beds  are  interpreted  to  have  replaced  cal- 
careous sediments  deposited  in  a paludal  environment.  This 
interpretation  is  based  on  the  abundance  of  plant  material, 
the  presence  of  horse  fossils  in  one  of  these  deposits,  and  the 
association  with  the  fluviatile  sediments.  Sideritic  mudstones 
are  interbedded  within  thick  deposits  of  mudstones  inter- 
preted as  overbank  deposits.  Whether  these  deposits  are  pri- 
mary or  secondary  is  not  clear.  A few  tuffs  also  occur  in  the 
overbank  deposits.  These  tuffs  are  thin-bedded  and  are  not 
extensive. 

Tuffites  in  the  fluviatile  sequence  include  fine-  to  medium- 
grained tuffaceous  wacke  and  arenite,  and  tuffaceous  breccia. 
The  tuffaceous  wackes  and  arenites  are  tabular  and  extensive 
where  deposited  on  wacke  or  mudstone  overbank  deposits. 
Where  resting  on,  and/or  overlain  by,  channel  fills,  these 
tuffites  are  lenticular.  The  tuffites  range  from  massive  to  in- 
tralaminated,  showing  unidirectional  traction  features  on 
polished  slabs.  These  features  suggest  a mode  of  deposition 
such  as  might  be  expected  from  a distal  lahar  or  a sheet  flood 
emanating  from  the  volcanic  highland.  The  upper  tuffite 
marker  bed  fines  and  thins  from  a tuffaceous  breccia  in  its 
western  outcrop  area,  to  a volcanic  arenite  in  the  eastern 
extent  of  its  exposure.  This  breccia  is  interpreted  as  a lahar 
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Figure  27.  Anticline  associated  with  en  echelon  faulting  in  the  SE 
'/4,  Sec.  36,  T 31  S,  R 34  E,  south  of  Cache  Creek.  Two  tuflfite  beds 
of  Tbm  are  involved  in  the  fold. 


that  apparently  flowed  in  an  easterly  direction.  The  overlying 
lapilli  tuffite,  so  characteristic  of  the  upper  marker  bed,  is 
believed  to  have  been  deposited  as  tephra. 

STRUCTURE 

The  study  area  is  located  north,  within  2 mi.  (3.2  km),  of  the 
Garlock  fault  zone,  and  about  12  mi.  (19  km)  west  of  the 
Sierra  Nevada  fault  zone  (Figure  1).  Evidence  for  28  to  31 
mi.  (45  to  55  km)  of  left  lateral  separation  in  basement  rocks 
along  the  segment  of  the  Garlock  fault  zone  west  of  the  Sierra 
Nevada  fault  zone  has  been  reported  by  Ross  (1980).  Sig- 
nificant vertical  displacement  has  also  occurred  along  the 
segment  of  the  Garlock  fault  that  bounds  the  southern  front 
of  the  Sierra  Nevada.  May  (1981)  states  that  younger  branch- 
es of  the  Garlock  system  in  this  area  show  vertical  displace- 
ment of  alluvial  sediments,  with  the  up-thrown  block  on  the 
north.  The  Sierra  Nevada  fault  zone  shows  significant  normal 
dislocation,  with  the  western  block  being  up-thrown  relative 
to  the  eastern  block.  The  study  area  is  situated  on  the  up- 
thrown  Sierra  Nevada  block. 

Given  this  setting,  it  is  not  surprising  that  the  geology  of 
the  study  area  is  structurally  complex.  Major  synclinal  folds 
are  present,  as  are  smaller  scale  synclinal  and  anticlinal  folds. 
The  larger  folds  have  been  faulted,  whereas  some  of  the  smaller 
scale  folds  are  related  to  faulting.  The  study  area  is  pervaded 
by  faults,  with  most  being  high  angle  and  northwest  trending. 
The  structures  described  here  are  shown  on  the  geologic  map 
and  sections  on  Plate  I. 

FOLDS 

Major  folding  of  the  Kinnick  and  Bopesta  formations  pre- 
ceded major  faulting  and  deposition  of  the  Cache  Peak  for- 
mation. This  brackets  the  age  of  major  folding  between  mid- 
dle Miocene  (late  Barstovian)  and  some  time  in  the  Pliocene. 
Two  major  synclines  are  present.  The  strata  exposed  north 
of  Cache  Creek  and  Pine  Tree  Canyon,  east  of  Horse  Canyon 
and  west  of  the  eastern  map  border,  have  been  folded  into 


Figure  28.  Viewing  easterly  almost  along  the  axial  plane  of  a syn- 
cline associated  with  en  echelon  faulting  in  the  NW  ‘/j.  Sec.  6.  T 32 
S.  R 35  E.  south  of  Cache  Creek.  Strata  of  Tbm  are  involved  in  this 
fold. 

a very  broad,  shallow,  open  syncline  (Plate  I.  Section  A'-A"). 
It  is  delineated  by  the  strike  of  bedding  that  forms  an  overall 
arcuate  pattern,  concave  to  the  north.  Dips  along  this  arc 
average  about  1 5°.  The  low  angle  of  the  dips  relative  to  the 
areal  extent  of  the  fold  and  the  non-cylindric  symmetry  of 
the  fold,  prevents  the  accurate  location  of  an  axial  trace.  This 
is  further  complicated  by  a fault  that  bisects  the  fold,  jux- 
taposing somewhat  discordant  bedding  attitudes.  In  the 
mapped  area,  the  fold  appears  to  have  a geometry  similar  to 
a half  basin.  Further  mapping  to  the  north  will  be  necessary 
to  more  adequately  define  the  geometry  of  this  fold.  Super- 
imposed on  the  east  limb  of  this  fold  are  subtle,  open  syn- 
clinal and  anticlinal  folds  not  indicated  on  the  geologic  map 
(Plate  I). 

The  strata  west  of  Cache  Creek  and  Horse  Canyon  have 
been  folded  into  an  open  syncline,  as  shown  on  Plate  I,  Sec- 
tion A-B.  The  fold  is  broadly  delineated  by  dips  of  about 
14°S  on  the  northern  limb  and  dips  of  up  to  30°N  on  the 
southern  limb.  This  fold  has  been  disrupted  by  faulting  to 
such  an  extent  that  plotting  an  axial  trace  is  dubious  and 
accordingly  is  not  shown  on  the  geologic  map  (Plate  I).  The 
axial  trace  trends  in  an  easterly  direction  and  the  fold  plunges 
between  8°  and  1 5°  to  the  east.  In  a fault  block  west  of  Cache 
Creek,  south  of  its  confluence  with  Horse  Creek,  a portion 
of  this  fold  is  more  evident.  The  axial  trace  can  only  be 
approximately  located  due  to  disruption  of  the  fold  by  fault- 
ing, and  to  poor  exposures  in  the  expected  area  of  the  axial 
trace.  Here  the  fold  is  broadly  delineated  by  dips  of  7°  to  22° 
SE  on  the  northwest  limb  and  20°  to  30°NW  on  the  southeast 
limb.  The  syncline  plunges  slightly  to  the  northeast  (about 
8°)  and  is  inclined  about  10°  to  the  southeast. 

Folding  of  a lesser  scale  is  associated  with  en  echelon  fault- 
ing in  the  SE  'A,  Sec.  36,  T 31  S,  R 34  E,  in  the  SW  'A,  Sec. 
31,  T 31  S,  R 35  E,  and  in  the  NW  ‘A,  Sec.  6,  T 32  S,  R 35 
E.  The  folds  can  be  divided  into  two  groups.  The  northern 
group  is  represented  by  two  anticlines  with  axial  traces  trend- 
ing subparallel  with  faulting  (Figure  27).  These  anticlines 
appear  to  be  genetically  related.  The  second  group  is  repre- 
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sented  by  a re-folded  anticline  and  syncline  (Figure  28),  which 
are  truncated  by  faulting.  All  the  folds  in  this  area  plunge 
gently  in  an  easterly  direction. 

A paired  syncline  and  anticline  are  present  in  the  area  of 
the  confluence  of  Florse  and  Cache  creeks.  These  structures 
are  small  scale  and  localized,  dying  out  laterally.  The  max- 
imum dip  of  the  limbs  ranges  from  8°  to  12°. 

FAULTS 

Faulting  is  pervasive  in  the  study  area.  For  descriptive  pur- 
poses the  faults  are  separated  into  three  categories:  a north- 
west-trending group,  a north-trending  group,  and  others. 

Northwest-Trending  Faults 

These  are  the  most  common  faults  in  the  mapped  area.  East 
and  south  of  Cache  Creek  they  trend  about  N75°W.  West 
and  north  of  Cache  Creek,  the  trends  shift  northerly  to  about 
N55°W.  Two  major  fault  systems  of  this  group  are  present 
and  description  will  be  limited  to  them,  although  numerous 
faults  with  this  trend  also  are  present. 

The  southernmost  system  was  referred  to  as  the  Phillips 
Ranch  fault  by  Michael  (1960).  This  system  can  be  traced 
from  the  western  map  border,  east  into  Pine  Tree  Canyon. 
East  of  there,  the  fault  is  concealed  by  a landslide  and  is 
apparently  truncated  by  the  north-trending  Sweet  Ridge  fault. 
The  Phillips  Ranch  fault  locally  bounds  the  southwestern 
distribution  of  the  Bopesta  Formation.  East  of  Cache  Creek, 
the  fault  is  linear  and  delineated  by  offset  lithologic  units  and 
alignment  of  geomorphic  features  and  springs.  West  of  Cache 
Creek,  the  fault  branches  into  several  segments  that  are  cur- 
vilinear. These  segments  are  represented  by  offset  lithologic 
units.  Although  the  fault  surface  is  not  exposed,  its  topo- 
graphic expression  indicates  that  it  dips  steeply  to  the  north. 
The  northern  block  has  been  relatively  down-thrown,  with 
dip  separation  estimated  to  be  about  200  ft.  (61  m)  in  Sec. 
7,  T 32  S,  R 35  E.  Translation  along  this  fault  appears  to  be 
normal.  The  Phillips  Ranch  fault  is  significantly  younger  than 
middle  Miocene  and  is  older  than  the  Sweet  Ridge  fault. 

Major  faults  north  of,  and  parallel  to,  the  Phillips  Ranch 
fault  exhibit  an  opposite  sense  of  displacement,  and  include 
the  second  major  northwest-trending  fault  system.  This  sys- 
tem is  locally  coincident  with  the  east  fork  of  Cache  Creek, 
and  is  here  referred  to  as  the  East  Fork  fault.  This  complex 
system  is  composed  of  several  branching,  parallel,  and  en 
echelon  segments.  The  system  lacks  a through-going  fault 
trace.  The  eastern  fault  segments  are  delineated  by  offset 
strata  and  exposed  fault  surfaces.  The  main  fault  segment, 
m the  NW  'A,  Sec.  5,  T 32  S,  R 35  E,  trends  roughly  N70°W 
and  dips  steeply  to  the  north.  A dip  of  50°NE  was  measured 
on  the  slip  face,  but  its  topographic  expression  indicates  that 
it  dips  more  steeply.  Displacement  along  this  segment  is 
about  200  ft.  (61  m),  with  the  south  block  being  relatively 
down-thrown.  West,  in  the  SE  'A,  Sec.  36,  T 31  S,  R 35  E, 
this  fault  splays  into  en  echelon  fault  segments,  in  which  the 
intervening  strata  have  been  folded.  En  echelon  faulting  oc- 
curred in  an  area  of  transitional  fault  trends.  To  the  north- 


west, the  fault  segments  trend  more  northerly  at  about  N50°W. 
The  northwestern  fault  segments  are  delineated  by  truncated 
strata,  exposed  fault  surfaces,  alignment  of  geomorphic  fea- 
tures, and  silicified  zones.  The  silicified  zones  have  been 
referred  to  as  the  “Florse  Canyon  agate  beds,”  a site  renowned 
among  rock  hounds  for  its  “moss  agate.”  These  fault  seg- 
ments are  high  angle  and  dip  steeply  to  the  south.  Separation 
on  the  smaller  fault  segments  in  Sec.  36  is  relatively  insig- 
nihcant,  whereas  that  of  the  major  segments  is  substantial. 
As  shown  on  Plate  I,  Section  C-C',  separation  on  the  main 
fault  segment  in  Sec.  36  is  estimated  to  be  about  900  ft.  (274 
m).  The  magnitude  of  displacement  on  more  northeasterly 
segments  is  difficult  to  estimate  due  to  the  inconsistent  thick- 
ness and  abrupt  facies  changes  of  the  agglomeratic  units  in 
this  area.  Judging  from  aerial  photographs,  the  East  Fork 
fault  system  extends  northwest  far  beyond  the  mapped  area. 
Like  the  Phillips  Ranch  fault,  this  system  is  also  post-middle 
Miocene  in  age,  but  older  than  the  Sweet  Ridge  fault. 

North-Trending  Faults 

The  only  extensive  through-going  fault  of  this  set  is  here 
named  the  Sweet  Ridge  fault.  Other  north-trending  faults 
described  here  have  been  named  the  Skull  Canyon  and  Cache 
Creek  faults  by  Michael  (1960).  Besides  trend,  these  faults 
are  united  on  the  basis  of  not  being  branched,  in  contrast  to 
the  northwest-trending  set.  However,  these  faults  are  not  all 
genetically  related. 

The  Sweet  Ridge  fault  displaces  the  basement  terrain  and 
the  Kinnick  and  Bopesta  formations.  The  Cache  Peak  for- 
mation has  also  been  affected,  but  signihcant  offset  is  not 
indicated.  The  fault  is  curvilinear,  trending  almost  due  north, 
south  of  Pine  Tree  Canyon,  and  shifting  to  about  N15°W 
north  of  the  canyon.  Its  topographic  expression  indicates  that 
it  is  near  vertical,  although  a dip  of  55°W  was  measured  on 
its  surface  in  the  SE  ‘/4,  Sec.  32,  T 3 1 S,  R 35  E.  The  amount 
of  displacement  along  this  fault  is  variable,  with  the  western 
block  being  relatively  down-thrown.  Relative  separation  of 
the  basement-Kinnick  Formation  contact  is  about  250  ft. 
(76  m).  Displacement  increases  to  the  north,  with  separation 
within  the  Bopesta  Formation  estimated  to  be  about  300  ft. 
(9 1 m).  Although  appreciable  offset  of  the  contact  between 
the  Bopesta  and  Cache  Peak  formations  is  not  indicated, 
geomorphic  features  developed  on  the  Cache  Peak  formation 
are  aligned  with  the  trace  of  the  fault.  Major  displacement 
along  the  Sweet  Ridge  fault  occurred  between  middle  Mio- 
cene (late  Barstovian)  and  Pliocene  time.  Minor  movement 
along  this  fault  after  deposition  of  the  Cache  Peak  formation 
is  inferred  from  geomorphic  features.  This  fault  is  younger 
than  the  Phillips  Ranch  and  East  Fork  faults. 

The  Skull  Canyon  fault  is  located  west  of  the  Sweet  Ridge 
fault  in  the  W Vi,  of  Sec.  8 and  17,  T 32  S,  R 35  E.  The 
basement  complex  has  been  juxtaposed  against  the  lower 
members  of  the  Kinnick  Formation  along  this  fault,  with  the 
west  block  being  relatively  down-thrown.  The  fault  is  slightly 
curvilinear,  trending  approximately  N 1 0°E.  Apparently  trun- 
cated by  both  the  Oil  Canyon  and  Phillips  Ranch  faults,  it 
is  not  as  extensive  as  reported  by  Michael  (1960). 
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Figure  29.  View  east  up  the  south  fork  of  Oil  Canyon,  where  the 
Kinnick  Formation  has  been  faulted  against  the  basement.  The  main 
trace  of  the  Oil  Canyon  fault  can  be  seen  in  the  center  of  the  pho- 
tograph, where  the  fault  surface  is  exposed  on  the  north  (left)  side 
of  the  granite  prominence.  The  Witnet-Kinnick  contact  in  the  fore- 
ground and  the  basement-Kinnick  contact  in  the  upper  right  portion 
of  the  photograph  give  a sense  of  the  displacement  involved  along 
the  Oil  Canyon  fault. 


Michael  (1960)  also  mapped  and  inferred  a fault  trending 
north  up  Cache  Creek  and  Horse  Canyon  that  he  called  the 
Cache  Creek  fault.  The  northern  and  southern  segments  of 
this  fault  are  well  delineated.  The  southern  segment  is  marked 
by  offset  of  the  Witnet-Kinnick  Formation  contact.  Units 
?Tbl  and  Tbi  have  been  juxtaposed  against  strata  of  unit 
Tbm  along  the  northern  fault  segment.  A medial  segment, 
concealed  beneath  the  alluvium  of  Cache  Creek  in  the  vi- 
cinity of  Indian  Caves,  was  inferred  to  explain  the  offset  of 
agglomerates  of  Tbi.  This  segment  apparently  does  not  ex- 
tend to  the  Horse  Canyon  segment,  and  there  is  no  compel- 
ling evidence  for  the  presence  of  a linking  segment.  The  fault 
segments  grouped  together  as  the  Cache  Creek  fault  trend 
northward,  are  slightly  curvilinear,  and  are  high  angle.  Con- 
trary to  Michael’s  ( 1 960)  mapping,  the  eastern  block  has  been 
relatively  down-thrown  along  these  fault  segments.  Relative 
separation  of  the  Witnet-Kinnick  Formation  contact  is  about 
100  ft.  (30  m),  whereas  offset  of  the  agglomerates  of  unit  Tbi 
in  the  vicinity  of  Indian  Caves  is  estimated  to  be  450  ft.  (137 
m).  It  is  difhcult  to  estimate  the  amount  of  offset  along  the 
Horse  Canyon  segment  of  the  fault,  although  it  is  significant. 
The  fault  segments  are  younger  than  the  major  synclinal  fold 
west  of  Cache  Creek  and  the  middle  Miocene  rocks  it  dis- 
places. The  Cache  Creek  fault  is  older  than  the  northwest- 
trending faults  that  dissect  and  obscure  its  continuity.  Wheth- 
er or  not  the  Cache  Creek  fault  segments  formed  a continuous 
fault  trace  is  equivocal. 

Other  Faults 

This  category  includes  faults  that  do  not  show  a pattern  or 
relationship  to  the  dominant  northwest-  and  north-trending 
fault  systems.  The  most  noteworthy  of  these  is  the  Oil  Can- 
yon fault,  which  juxtaposes  the  Witnet  and  Kinnick  forma- 


Figure 30.  View  west  along  Red  Mountain  Ridge,  showing  the  red 
gouge-lined  contact  between  the  pluton  and  the  Kinnick  Formation. 
Note  the  irregular  folding  of  Tk  1 above  the  contact. 


tions  against  the  basement  complex.  It  occurs  in  the  central 
part  of  the  mapped  area,  along  the  lower  southern  slopes  of 
Oil  Canyon,  up  its  south  fork,  and  over  the  crest  of  the 
southern  front  of  the  Sierra  Nevada.  The  fault  is  composed 
of  a mam  through-going  trace  with  subsidiary  branches.  The 
main  fault  trace  is  curvilinear,  convex  north,  with  an  overall 
east-west  trend.  It  is  well  exposed  along  the  south  fork  of 
Oil  Canyon,  where  the  fault  dips  75°N  (Figure  29).  Slick- 
ensides  indicate  that  the  last  movement  along  this  fault  was 
normal  with  the  north  side  being  down-thrown.  Displace- 
ment of  the  basal  contact  of  the  Kinnick  Formation  along 
the  fault  is  estimated  to  exceed  600  ft.  (183  m).  The  age  of 
the  Oil  Canyon  fault  is  post-middle  Miocene,  but  because  it 
has  not  been  disrupted  by  subsequent  faulting,  it  is  probably 
considerably  younger. 

Buwalda  (1954)  considered  the  Oil  Canyon  fault  to  be  a 
thrust.  Evidence  for  thrusting  exists  in  Sand  Canyon  (Sec. 
22,  T 32  S,  R 34  E),  where  the  basement  has  been  displaced 
over  Witnet  Formation  sediments  along  a plane  of  contact 
that  strikes  about  N45°E  and  dips  southeast  between  30°  and 
40°  (Michael,  1960).  As  mapped  by  previous  investigators, 
this  thrust  is  continuous  with  the  Oil  Canyon  fault  in  the 
study  area.  Because  the  evidence  for  thrust  faulting  is  outside 
the  study  area,  the  relationship  between  this  structure  and 
the  mapped  trace  of  the  Oil  Canyon  fault  was  not  determined. 
Furthermore,  I do  not  agree  with  the  mapping  of  the  faults 
in  Oil  Canyon  by  these  investigators.  Michael  (1960)  mis- 
takenly interpreted  a subsidiary  fault  of  the  Oil  Canyon  fault 
as  an  angular  unconformity  separating  the  Kinnick  and  Bo- 
pesta  formations  (Figures  7,  8). 

The  basal  contact  of  the  Kinnick  Formation  with  the  Wit- 
net Formation  and  the  basement  complex  is  marked  by  red 
gouge  in  Oil  Canyon  and  along  Red  Mountain  ridge  (Figures 
29,  30).  The  basal  strata  of  the  Kinnick  Formation  in  this 
area  also  exhibit  local  anomalous  folding  and  absence  of 
strata.  These  features  indicate  that  accommodation  has  oc- 
curred along  this  contact.  A possible  explanation  for  these 
features  is  syntectonic  sliding.  For  this  reason,  the  contact 
was  not  mapped  as  a fault. 
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Table  1.  Preliminary  faunal  list  of  the  Bopesta  Formation.  The 
sources  of  faunal  determinations,  other  than  the  author,  are  given  in 
footnotes. 

CLASS  AMPHIBIA 
ORDER  URODELA 
Family  Bufonidae  gen.  and  sp.  indel.' 

CLASS  REPTILIA 
ORDER  CHELONIA 
Family  Testudinidae 

Gopherus  hmttstromi  (G.  depressus)- 
Testudinidae  gen.  and  sp.  indet. 

ORDER  SQUAMATA 
Family  Anguidae 
Gerrhonotus  sp.' 

Family  Boidae  gen.  and  sp.  indet.' 

Family  Colubridae  gen.  and  sp.  indet.' 

CLASS  AVES 

ORDER  PASSERIFORMES  gen.  and  sp.  indet.' 

CLASS  MAMMALIA 
ORDER  INSECTIVORA 
Family  Erinaceidae 

Lanthanotherium  sawinP 
Family  Soricidae  gen.  and  sp.  indet.' 

Family  Talpidae  gen.  and  sp.  indet.' 

Family  Chiroptera  gen.  and  sp.  indet.' 

ORDER  LAGOMORPHA 
Family  Leporidae 
Hypolagiis  sp. 

ORDER  RODENTIA 
Family  Sciuridae 
cf.  Tamias  sp.‘ 

Family  Heteromyidae 

Cupidinimus  cf.  C.  nebraskensis  sp.' 

Perognallnis  cf.  P.  minimus' 
cf  Mookomys  sp.' 

Family  Cricetidae 

Copemys  cf  C.  nisselli' 

Copemys  sp.' 

ORDER  CARNIVORA 
Family  Mustelidae 
cf  Brachypsalis  sp. 

Family  Canidae 
Tomarctus  sp. 

Canidae  gen.  and  sp.  indet. 

Family  Felidae  gen.  and  sp.  indet. 

ORDER  PERISSODACTYLA 
Family  Equidae 
Subfamily  Equinae 
Merychippus  cf  M.  intermontanus 
Merychippus  cf  M.  siimani 
"Merychippus”  canizoensis 


Table  1.  Continued. 

"Merychippus”  brevidontus 
"Merychippus”  stylodontus 
"Merychippus”  nov.  sp. 

Subfamily  Anchitheriinae 
Archaeohippus  near  A.  ultimus 
Hypohippus  sp. 

Family  Rhinocerotidae  gen.  and  sp.  indet. 
Family  Chalicotheriidae 
Moropus  sp. 

ORDER  ARTIODACTYLA 
Family  Tayassuidae 
Cynorca  sociale' 

Cynorca  cf  C.  occidentale 
Family  Camelidae 
Subfamily  Camelinae 
Protolabis  sp. 

Subfamily  Aepycamelinae 
Hesperocamelus  sp. 

Miolabis  sp.  A 
M.  sp.  B 

Subfamily  Stenomylinae 
Stenomylus  sp. 

Camelidae  gen.  and  sp.  indet. 

Family  Mercoidodontidae 
Merychyus  relictus 
Brachycrus  buwaldi 

Family  Palaeomerycidae  gen.  and  sp.  indet. 
Family  Antilocapridae 
Merycodus  sp. 


1.  David  P.  Whistler,  personal  communication  1984. 

2.  Aulfenburg,  1974. 

3.  Lindsay,  1972. 

4.  Woodburne,  1969. 


BIOSTRATIGRAPHY,  AGE,  AND 
CORRELATION  OF  THE  BOPESTA  FORMATION 

Buwalda  (1916)  recognized  two  distinct  vertebrate  faunas  in 
the  Cache  Peak  area.  He  named  the  stratigraphically  lower 
assemblage  the  Phillips  Ranch  fauna,  which  reportedly  was 
collected  from  a single  locality.  He  applied  the  name  Cache 
Peak  fauna  to  the  taxa  collected  from  “strata  exposed  along 
the  south  fork  of  Cache  Creek,  and  passing  under  Cache  Peak 
on  the  divide  between  Cache  Creek  and  Jawbone  Canyon.” 
Estimating  that  these  faunas  were  separated  stratigraphically 
by  some  500  ft.  (152  m),  he  considered  the  Phillips  Ranch 
fauna  to  be  much  older  than  the  Cache  Peak  fauna.  Based 
on  the  stage  of  evolution  of  a horse  now  known  as  "Meryc- 
hippus” carrizoensis  Dougherty,  1940,  he  interpreted  the 
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Phillips  Ranch  fauna  to  be  of  middle  Miocene  age  or  some- 
what earlier.  He  considered  the  Cache  Peak  fauna  to  be  sim- 
ilar in  age  to  the  Barstow  fauna,  possibly  middle  or  late 
Miocene. 

Wood  et  al.  ( 1 94 1 ) subdivided  the  Cenozoic  into  ages  based 
upon  the  stage  of  evolution  of  North  American  terrestrial 
mammalian  faunal  aggregates.  Although  loosely  defined  by 
current  geochronologic  standards  (e.g.,  Hedberg,  1976),  North 
American  Land  Mammal  Ages  have  gained  acceptance  as  a 
standard  for  correlating  terrestrial  deposits  in  North  Amer- 
ica. The  usefulness  of  this  scheme  has  been  substantiated  by 
the  chronologic  calibration  of  these  ages  by  radiometric  dat- 
ing techniques  (e.g.,  Evernden  et  al.,  1964). 

Wood  et  al.  ( 1 94 1 ) considered  the  Phillips  Ranch  and  Cache 
Peak  faunas  to  be  local  faunas  correlative  with  the  Heming- 
fordian  and  Barstovian  Land  Mammal  Ages,  respectively. 
These  correlations  are  upheld  by  this  study,  however  apply- 
ing the  term  “local  fauna”  to  the  Cache  Peak  fauna  is  not. 

Tedford  (1970)  considered  the  term  “local  fauna”  to  be 
applicable  to  an  aggregate  of  species  from  a single  site,  or 
series  of  closely  associated  sites,  having  a limited  geographic 
and  stratigraphic  distribution.  The  Phillips  Ranch  fauna  is 
composed  of  a distinctive  aggregate  of  taxa  from  unit  Tbl 
and  the  lower  portion  of  unit  Tbm  of  the  Bopesta  Formation. 
Although  having  a considerable  stratigraphic  range,  this  as- 
semblage of  taxa  is  appropriately  described  as  a local  fauna. 
However,  the  Cache  Peak  “local  fauna”  is  composed  of  two 
apparently  distinctive  faunal  aggregates,  each  of  which  could 
be  considered  as  a local  fauna.  Instead  of  formally  naming 
these  two  local  faunas,  the  three  faunal  assemblages  recog- 
nized in  the  Bopesta  Formation  will  be  referred  to  by  the 
equid  range  zones  that  characterize  them. 

BIOSTRATIGRAPHY 

As  the  stratigraphic  extent  of  the  Tertiary  formations  in  the 
Cache  Peak  area  are  recognized  here,  vertebrate  fossils  are 
only  known  from  the  Bopesta  Formation.  A preliminary  list 
of  vertebrate  taxa  from  the  Bopesta  Formation  is  presented 
in  Table  1.  Descriptions  of  selected  fossil  localities  in  the 
Bopesta  Formation  and  lists  of  their  taxonomic  content  are 
presented  in  Appendix  A.  The  stratigraphic  distribution  of 
these  fossil  sites  is  shown  on  Figure  3 1 . 

Based  on  the  stratigraphic  distribution  of  mammalian  taxa 
in  the  Bopesta  Formation,  three  biozones  are  recognized.  The 
lower  biozone  includes  the  Phillips  Ranch  local  fauna  and  is 
characterized  by  the  '^Merychippus”  canizoensis  range  zone. 
The  middle  and  upper  biozones  include  assemblages  referred 
to  the  Cache  Peak  fauna  by  Buwalda  (1916).  These  biozones 
are  characterized  by  the  “Merychippus"  stylodontus  and 
Merychippus  cf.  M.  intennontanus  range  zones,  respectively. 
The  three  equid  range  zones  do  not  overlap,  but  are  separated 
stratigraphically  by  about  50  ft.  (15  m)  and  70  ft.  (21  m), 
respectively.  Further  collecting  may  show  these  ranges  to  be 
partially  concurrent. 

"'Merychippus'"  canizoensis  is  present  at  localities  V2577, 
RV-8257,  P-3643,  RV-8252,  and  RV-8253  m unit  Tbl  and 
at  LACM(CIT)  499,  in  the  lower  portion  of  unit  Tbm.  These 


sites  demonstrate  its  stratigraphic  range  over  approximately 
370  ft.  (1 1 3 m).  "Merychippus"  canizoensis  is  the  most  abun- 
dantly represented  vertebrate  species  known  from  this  por- 
tion of  the  Bopesta  Formation.  Mammalian  taxa  occurring 
with  "M."  canizoensis  include  Tomarctus  sp.,  Hypohippus 
sp.,  Moropus  sp.,  Cynorca  sociale  Marsh,  1875,  Merychyus 
relictus  Matthew  and  Cooke,  1 909  {M.  cf  M.  elegans  Leidy, 
1858,  of  Lander,  1985),  Miolabis  sp.  A,  Stenoniylus  sp,,  and 
Merycodus  sp.  This  distinctive  faunal  aggregate  constitutes 
a biozone  that  is  characterized  by  the  range  of  "M."  car- 
rizoensis. 

"Merychippus"  stylodontus  Merriam,  1919,  is  present  at 
localities  RV-8242,  RV-8235,  LACM(CIT)  498,  LACM(CIT) 
517,  and  RV-8242,  which  define  the  extent  of  its  range.  Al- 
though the  precise  stratigraphic  position  and  separation  of 
these  sites  is  complicated  by  minor  faulting,  the  range  zone 
is  estimated  to  extend  over  no  more  than  100  ft.  (33  m), 
stratigraphically.  All  these  localities  are  situated  in  a limited 
area  of  Sec.  36,  T 31  S,  R 35  E.  Laterally,  this  stratigraphic 
level  has  not  produced  distinctive  fossils.  The  fauna  asso- 
ciated with  "Merychippus"  stylodontus  is  relatively  meager, 
but  includes  Hypolagus  sp.,  Hypohippus  sp.,  Hesperocamelus 
sp.,  Miolabis  sp.  B,  Brachycrus  cf.  B.  buwaldi  (Merriam,  1919) 
(medium-sized  5.  (Douglass,  1 900)  of  Lander,  1985), 

and  Merycodus  sp. 

Merychippus  cf  M.  intennontanus  Merriam,  1915,  first 
appears  at  LACM(CIT)  500,  some  70  ft.  (21  m)  above  the 
highest  stratigraphic  record  of  "Merychippus"  stylodontus  at 
RV-8237.  Materials  referable  to  Merychippus  cf  M.  inter- 
montanus  also  have  been  collected  up-section  at  localities 
LACM(CIT)  501,  RV-8228,  RV-8210,  LACM(CIT)  502,  RV- 
8237,  RV-8214,  and  RV-8220,  establishing  its  stratigraphic 
range  over  900  ft.  (275  m).  Mammalian  taxa  present  within 
the  Merychippus  cf  M.  intennontanus  range  zone  include 
Lanthanotherium  sawini  James,  1963,  Hypolagus  sp.,  Cupid- 
inimus  cf  C.  nebraskensis  Wood,  1935,  Perognathus  cf  P. 
minimus  James,  1963,  cf  Mookomys  sp.,  Copemys  cf  C. 
russelli  James,  1963,  Copemys  sp.,  cf  Brachypsalis  sp,, 
Merychippus  cf.  M.  sumani  Merriam,  1915,  "Merychippus" 
brevidontus  Bode,  1934,  "Merychippus"  nov.  sp.,  Archaeo- 
hippus  near  A.  ultimus  (Cope,  1886),  Cynorca  cf.  C.  occiden- 
tale  Woodburne,  1969,  Miolabis  sp.,  Protolabis  sp.,  Brachy- 
crus buwaldi  (dwarfed  B.  laticeps  of  Lander,  1985),  and 
Merycodus  sp. 

AGE  AND  REGIONAL  BIOSTRATIGRAPHIC 
CORRELATION 

The  stratigraphic  distribution  of  mammalian  taxa,  especially 
the  equids,  in  the  Bopesta  Formation  is  correlative  with  sim- 
ilar biostratigraphic  sequences  from  the  Barstow  Formation 
(Mud  Hills,  Toomey  (Yermo)  Hills  and  Alvord  Mountain), 
Punchbowl  Formation  in  Cajon  Pass,  and  the  Caliente  For- 
mation in  Cuyama  Badlands.  Based  on  faunal  similarities, 
the  Bopesta  Formation  is  correlative,  in  part,  with  the  Hector 
Formation  in  the  Cady  Mountains,  the  Crowder  Formation 
in  Cajon  Pass,  the  Caliente  Formation  (and  interdigitating 
Branch  Canyon  Sandstone)  in  the  eastern  Caliente  Range, 
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Figure  31.  Stratigraphic  distribution  of  selected  vertebrate  fossil  sites  within  the  Bopesta  Formation. 


the  Temblor  Formation  north  of  Coalinga,  the  Round  Moun- 
tain Silt  in  Kern  County,  and  the  Topanga  Canyon  Formation 
in  the  central  Santa  Monica  Mountains. 

Biostratigraphic  correlation  between  the  Bopesta  Forma- 
tion and  the  Barstow  Formation  at  Mud  Hills  is  especially 
significant,  as  the  latter  is  the  type  area  of  the  Barstovian 


Land  Mammal  Age.  Furthermore,  the  Mud  Hills  sequence 
includes  numerous  tuff  beds,  several  of  which  have  yielded 
radiometric  dates.  The  stratigraphy  of  the  Mud  Hills  has  been 
divided  into  various  lithologic  units  by  numerous  investi- 
gators since  the  beginning  of  this  century.  This  report  follows 
the  lithostratigraphic  nomenclature  of  Woodburne  and  Ted- 
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ford  (1982),  who  divided  the  Barstow  Formation  at  Mud 
Hills  into  the  Owl  Canyon  Conglomerate  Member,  and  mid- 
dle and  upper  parts.  The  base  of  an  important  stratigraphic 
marker,  known  as  the  Skyline  Tuff,  separates  the  middle  and 
upper  parts  of  the  formation.  The  stratigraphic  position  of 
taxa  and  dated  tuffs  are  reported  relative  to  this  marker. 

Woodburne  and  Tedford  (1982)  recognize  three  faunal 
levels  in  the  Barstow  Formation  at  Mud  Hills.  The  lowest  is 
the  Red  Division  local  fauna,  which  is  about  2300  ft.  (700 
m)  stratigraphically  below  the  Skyline  Tuff  in  the  Owl  Can- 
yon Conglomerate  Member.  Rocks  subjacent  to  the  Skyline 
Tuff  to  about  1000  ft.  (305  m)  below  it,  contain  the  Green 
Hills  fauna.  The  Barstow  fauna  has  been  collected  from  strata 
above  the  Skyline  Tuff  to  the  top  of  the  formation. 

Wood  et  al.  (1941)  based  the  Barstovian  Land  Mammal 
Age  on  the  faunal  aggregate  from  the  Fossiliferous  Tuff  Mem- 
ber of  the  Barstow  Formation.  Woodburne  and  Tedford  ( 1 982) 
referred  to  this  unit  as  the  upper  part  of  the  Barstow  For- 
mation, and  the  taxa  from  it,  as  the  Barstow  fauna.  They 
considered  the  Barstow  fauna  to  be  late  Barstovian  and  the 
Green  Hills  fauna  to  be  early  Barstovian  in  age.  Although 
not  specifically  cited  by  Wood  et  al.  (1941)  as  part  of  the 
Barstovian  Land  Mammal  Age,  the  Green  Hills  fauna  con- 
tains taxa  listed  by  them  as  characteristic  of  this  age.  Wood- 
bume  and  Tedford  (1982)  excluded  the  Red  Division  local 
fauna  from  the  Barstovian  and  indicated  that  it  is  correlative 
with  late  Hemingfordian  faunas  elsewhere.  I accept  the  age 
assignments  of  Woodburne  and  Tedford  ( 1 982)  for  the  faunas 
from  the  Barstow  Formation.  Lander  (1985),  however,  pro- 
posed an  alternative  age  assessment  of  the  Red  Division  local 
fauna  and  the  Green  Hills  fauna,  which  he  considers  to  be 
middle  and  late  Hemingfordian  in  age,  respectively. 

Merychippus"  carrizoensis  Range  Zone 

This  range  zone  is  correlative  with  the  following  local  faunas 
and  localities  based  on  the  shared  presence  of  "'Alerychippiis'' 
carrizoensis:  Red  Division  local  fauna.  Mud  Hills;  Yermo 
local  fauna,  Toomey  (Yermo)  Hills;  locality  USGS-D321, 
lower  member  of  the  Barstow  Formation,  Alvord  Mountain 
(Woodburne  et  al.,  1982);  upper  unit  2 and  lower  unit  3 of 
the  Punchbowl  Formation,  Cajon  Pass  (Woodburne  and  Golz, 
1 972);  Wye  local  fauna  from  unit  1 of  the  Crowder  Formation 
(Reynolds,  1985);  upper  Cady  Mountains  local  fauna  of  the 
Hector  Formation  (Miller,  1978);  Vedder  local  fauna  of  the 
Branch  Canyon  Sandstone  (Munthe,  1 979);  Hidden  Treasure 
Springs  local  fauna  of  the  Caliente  Formation,  Cuyama  Bad- 
lands (James,  1963);  Caliente  fauna  of  the  Caliente  Forma- 
tion, eastern  Caliente  Range  (Dougherty,  1940;  Repenning 
and  Vedder,  1961);  LACM  4512,  Fernwood  Member  of  the 
Topanga  Canyon  Formation,  central  Santa  Monica  Moun- 
tains (personal  observation). 

The  correlation  between  the  '^Merychippus"  carrizoensis 
range  zone  (in  particular  LACM(CIT)  503)  and  USGS-D321 
at  Alvord  Mountain  is  reinforced  by  the  concurrent  range  of 
""Merychippus"  carrizoensis  and  Alerychyus  relictus  (M.  ele- 
gans  of  Lander,  1985).  A strengthened  correlation  between 
LACM(CIT)  503  and  the  Red  Division  local  fauna  quarry  is 


suggested  by  the  shared  presence  of  Merychyus  sp.  {M.  cf 
M.  elegans  of  Lander,  1985).  Woodburne  et  al.  (1982)  con- 
sider the  concurrent  range  of^'Merychippus”  carrizoensis  and 
Merychyus  relictus  to  be  characteristic  of  late  Hemingfordian 
faunas. 

Based  on  radiometric  dates,  this  range  zone  is  younger  than 
17.6  Ma  and  older  than  16.3  ± 0.3  Ma.  As  previously  dis- 
cussed, a hornblende  biotite  tulf  breccia  (sample  K 478)  from 
Member  7 of  the  Kinnick  Formation  has  been  dated  at  17.6 
Ma  (Evernden  et  al.,  1964).  This  date  has  little  relevance  to 
the  age  of  the  "’Merychippus"  carrizoensis  range  zone,  beyond 
indicating  that  this  range  zone  is  significantly  younger.  Based 
on  biostratigraphic  correlation  to  the  Barstow  Formation  at 
Mud  Hills,  the  "‘Merychippus"  carrizoensis  range  zone  is  much 
older  than  16.3  ± 0.3  Ma.  This  date  is  from  a tuff  in  the 
middle  of  the  formation,  1440  ft.  (440  m)  above  the  Red 
Division  quarry  and  within  the  stratigraphic  interval  pro- 
ducing the  Green  Hills  fauna  (Woodburne  and  Tedford,  1 982). 

Merychippus"  stylodontus  Range  Zone 

This  range  zone  is  correlative  with  the  following  local  faunas 
or  formations  based  on  the  shared  presence  of  “M.”  stylo- 
dontus: Green  Hills  fauna  from  the  Barstow  Formation  at 
Mud  Hills;  Yermo  local  fauna,  from  the  Barstow  Formation 
at  Toomey  (Yermo)  Hills;  middle  member  of  the  Barstow 
Formation  at  Alvord  Mountain. 

Type  material  of  "''Merychippus”  stylodontus  is  from  the 
Barstow  Formation  at  Mud  Hills.  Its  reported  range  is  not 
consistent  and  locality  data  for  the  type  and  referable  material 
is  general  and  inadequate  to  establish  their  precise  strati- 
graphic position.  "'Merychippus"  stylodontus  is  reported  to 
range  over  1 300  ft.  (393  m),  from  about  1 50  ft.  (46  m)  above 
the  Red  Division  quarry  to  175  ft.  (53  m)  below  the  Skyline 
Tuff  (Galusha  et  al.,  1 966).  Woodburne  and  Tedford  ( 1 982) 
report  that  "M."  stylodontus  is  a member  of  the  Green  Hills 
fauna,  which  occurs  within  a 985  ft.  (300  m)  section  subjacent 
to  the  Skyline  Tuff.  They  suggested  that  "M."  stylodontus 
has  a concurrent  range,  at  least  in  part,  with  Brachycrus  bu- 
waldi  in  the  Green  Hills  fauna.  Galusha  et  al.  (1966)  report 
that  B.  huwaldi  first  appears  about  450  ft.  ( 140  m)  above  the 
first  occurrence  of  "Al."  stylodontus  and  has  a concurrent 
range  over  550  ft.  (170  m).  A tuff  dated  at  16.3  ± 0.3  Ma  is 
situated  about  100  ft.  (30  m)  stratigraphically  above  the  base 
of  the  sequence  that  yielded  the  Green  Hills  fauna  (Wood- 
burne and  Tedford,  1 982).  It  is  assumed  here  that  this  dated 
tuff  is  above  the  first  occurrence  of  B.  buwaldi. 

The  presence  of  "Af."  stylodontus  in  the  Toomey  Hills 
stratigraphic  section  is  of  particular  interest.  "Alerychippus" 
carrizoensis  ranges  throughout  the  section  and  has  a con- 
current range  with  "M."  stylodontus  in  the  upper  30  ft.  (9 
m).  This  is  the  only  section  where  these  taxa  are  known  to 
occur  together. 

Excellent  material  referable  to  "Alerychippus"  stylodontus 
has  been  collected  at  localities  USGS-D39 1 , RV-69 1 35,  and 
RV-6627  in  the  middle  member  of  the  Barstow  Formation 
at  Alvord  Mountain.  Some  of  the  material  is  almost  identical 
to  specimens  from  the  Bopesta  Formation.  At  Alvord  Moun- 
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tain,  B.  hiiwaldi  occurs  in  the  upper  part  of  the  lower  member 
of  the  Barstow  Formation,  considerably  below  “M.”  stylo- 
dontus  (Woodburne  et  al.,  1982).  Radiometric  dates  of  13.8 
Ma  and  14.0  Ma  have  been  obtained  from  tuff  beds  in  the 
middle  member  of  the  Barstow  Formation  at  Alvord  Moun- 
tain that  are  in  stratigraphic  proximity  to  the  localities  of 
“A/.”  stylodontus  (M.O.  Woodburne,  1983,  personal  com- 
munication). 

The  '"Merychippiis"  stylodontus  range  zone  in  the  Bopesta 
Formation  is  considered  to  be  temporally  close  to  the  upper 
portion  of  the  Toomey  (Yermo)  Hills  sequence.  This  is  in- 
dicated by  the  concurrent  range  of  “M.”  stylodontus  and 
“A/.”  carrizoensis  in  the  upper  30  ft.  (9  m)  of  the  Toomey 
(Yermo)  Hills  sequence,  taxa  that  are  stratigraphically  sep- 
arated by  only  50  ft.  (15  m)  in  the  Bopesta  Formation.  A 
strong  temporal  correlation  between  the  ""Merychippus"  sty- 
lodontus range  zone  and  the  Green  Hills  fauna  is  indicated 
by  the  concurrent  range  of  “A/.”  stylodontus  and  B.  buwaldi. 
Based  on  these  correlations  the  “A/.”  stylodontus  range  zone 
in  the  Bopesta  Formation  is  considered  early  Barstovian  in 
age  and  probably  older  than  16.3  ± 0.3  Ma. 

Specimens  referable  to  “A/.”  stylodontus  from  the  Barstow 
Formation  at  Alvord  Mountain  are  almost  identical  to  spec- 
imens from  the  Bopesta  Formation.  The  morphologic  sim- 
ilarity of  these  specimens  suggests  a close  temporal  correla- 
tion between  the  stratigraphic  positions  in  which  they  occur 
in  these  formations.  At  Alvord  Mountain,  however,  this  tax- 
on occurs  stratigraphically  well  above  Brachycrus  buwaldi 
and  is  associated  with  a few  taxa  considered  correlative  with 
the  Barstow  fauna  (Woodburne  et  al.,  1982).  Furthermore, 
“A/.”  stylodontus  occurs  in  stratigraphic  proximity  of  tuffs 
dated  at  13.8  and  14.0  Ma,  dates  compatible  with  those 
associated  with  the  Barstow  fauna.  As  pointed  out  by  Wood- 
burne et  al.  (1982),  “A/.”  stylodontus  is  not  known  from  the 
Barstow  fauna  and  characteristic  taxa  of  the  Barstow  fauna 
(i.e.,  Merychippus  intennontanus  and  M.  sumani)  are  not 
known  from  the  Alvord  section.  If  the  dates  from  the  Barstow 
Formation  at  Alvord  Mountain  and  the  biostratigraphic  in- 
terpretations presented  above  are  correct,  ^'Merychippus" 
stylodontus  remained  at,  or  near,  morphologic  stasis  for  about 
2.5  million  years.  If  the  dates  are  in  error,  the  most  parsi- 
monious interpretation  is  that  “A/.”  stylodontus  is  restricted 
to  the  early  Barstovian. 

Merychippus  cf.  M.  intermontanous  Range  Zone 

This  range  zone  is  correlative  in  part  with  the  Green  Hills 
and  Barstow  faunas  from  the  Barstow  Formation  at  Mud 
Hills,  unit  5 of  the  Punchbowl  Formation  in  Cajon  Pass,  the 
Upper  Dry  Canyon  and  Dome  Springs  local  faunas  of  the 
Caliente  Formation  in  the  Cuyama  Badlands,  part  of  the 
Caliente  Formation  in  the  eastern  Caliente  Range,  Shark- 
tooth  Hill  local  fauna  of  the  Round  Mountain  Silt,  and  the 
North  Coalinga  local  fauna  of  the  Temblor  Formation. 

The  Barstow  Formation  at  Mud  Hills  is  the  type  area  of 
Merychippus  intennontanus,  a horse  considered  character- 
istic of  the  Barstow  fauna  (Wood  et  al.,  1941).  The  strati- 
graphically lowest  definitive  occurrence  of  this  species  is  at 


locality  V-5801,  20  ft.  (6  m)  below  the  Skyline  Tuff.  This 
site  is  76  ft.  (23  m)  below  a tuff  dated  at  14.8  and  15.5  Ma, 
but  believed  to  be  about  15  Ma  (Woodburne  et  al.,  1982). 
Merychippus  intennontanus  ranges  up-section  above  the 
Hemicyon  Tuff  (which  is  330  ft.  (100  m)  stratigraphically 
above  the  Skyline  Tuff)  dated  at  13.4  ± 0.7  Ma,  and  above 
a lapilli  sandstone  (490  ft.  (150  m)  stratigraphically  above 
the  Skyline  Tuff)  dated  at  1 3.6  and  1 3.8  Ma  (Woodburne  et 
al.,  1982).  Merychippus  intennontanus  is  known  from  both 
the  Green  Hills  and  Barstow  faunas  and  has  an  age  range  of 
older  than  15  Ma  to  younger  than  13.4  ± 0.7  Ma. 

The  Merychippus  cf  M.  intennontanus  range  zone  in  the 
Bopesta  Formation  is  correlative  with  the  M.  intennontanus 
range  zone  at  Mud  Hills,  based  on  the  shared  presence  of 
this  species.  This  correlation  rests,  in  part,  on  the  provisional 
assignment  of  a Bopesta  Formation  fossil  horse  to  this  taxon, 
but  is  reinforced  by  the  shared  presence  of  other  taxa  within 
these  range  zones.  Strong  correlation  between  the  lower  part 
of  the  Merychippus  cf  M.  intennontanus  range  zone  and  the 
Green  Hills  fauna  is  indicated  by  the  shared  occurrence  of 
Brachycrus  buwaldi  (dwarfed  B.  laticeps  of  Lander,  1985). 
Woodburne  and  Golz  (1972)  considered  this  oreodont  to  be 
characteristic  of  early  Barstovian  faunas.  Higher  in  the  range 
zone,  Merychippus  cf  M.  intennontanus  has  a concurrent 
range  with  M.  cf  M.  sumani.  Although  based  also  on  a pro- 
visional assignment,  the  concurrent  range  of  these  horses  is 
correlative  to  the  Barstow  fauna.  Other  taxa  present  in  the 
Barstow  fauna  that  have  been  identified  or  provisionally 
identified  in  the  upper  portion  of  the  Merychippus  cf  M. 
intennontanus  range  zone  in  the  Bopesta  Formation  are  Lan- 
thanotherium  sawini,  Hypolagus  sp.,  Cupidinimus  nebrask- 
ensis,  and  Copemys  russelli.  These  faunal  similarities  indicate 
a strong  temporal  correlation. 

A correlation  between  the  Merychippus  cf  M.  intermont- 
anus  range  zone  and  unit  5 of  the  Punchbowl  Formation  in 
Cajon  Pass  is  indicated  by  the  shared  presence  of  Lanthan- 
otherium  (Reynolds,  1985),  M.  cf.  M.  intennontanus  (Wood- 
burne  and  Golz,  1972),  and  M.  cf.  M.  sumani  (personal  ob- 
servation). A strong  temporal  correlation  between  unit  5 of 
the  Punchbowl  Formation  and  the  middle  and  upper  parts 
of  the  Barstow  Formation  is  indicated  by  faunal  similarities 
(Reynolds,  1985). 

James  (1963)  reported  the  stratigraphic  range  of  taxa  in 
the  Caliente  Formation  from  the  Cuyama  Badlands.  System- 
atic descriptions  of  the  chiropterans,  insectivores,  and  ro- 
dents were  provided,  whereas  other  taxa  were  only  listed. 
Based  on  his  identifications,  correlation  between  the  Meryc- 
hippus cf  M.  intennontanus  range  zone  in  the  Bopesta  For- 
mation and  the  Upper  Dry  Canyon  and  Dome  Springs  local 
faunas  is  suggested  (the  Upper  Dry  Canyon  and  Dome  Springs 
faunas  of  James  (1963)  were  considered  local  faunas  by  Ted- 
ford,  1970).  The  lower  part  of  the  Merychippus  cf  M.  inter- 
montanus  range  zone  is  correlative  to  the  Upper  Dry  Canyon 
local  fauna  and  the  stratigraphically  lowest  locality  (V-5670) 
of  the  Dome  Springs  local  fauna  based  on  the  shared  presence 
of  Brachycrus  buwaldi  and  Protolabis  sp.  The  upper  portion 
of  the  Merychippus  cf  M.  intennontanus  range  zone  is  cor- 
relative to  the  portion  of  the  Dome  Springs  local  fauna  rep- 
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resented  at  locality  V-5666  and  stratigraphically  higher  sites. 
This  correlation  rests  on  the  shared  presence  of  Lanthano- 
theriiim  sawini,  Copemys  nisselli,  “M”  brevidontus,  “M.” 
nov.  sp.  (referred  to  Merychippus  sumani  by  James,  1963), 
and  Protolabis  sp.  A date  of  1 5.6  Ma  has  been  obtained  from 
a tuff  about  65  ft.  ( 1 9 m)  below  the  top  of  the  middle  member 
of  the  Caliente  Formation,  in  the  upper  part  of  the  strati- 
graphic interval  that  produced  the  Dome  Springs  local  fauna 
(James,  1963). 

A strong  correlation  between  this  portion  of  the  Dome 
Springs  local  fauna  and  the  Barstow  fauna  at  Mud  Hills  is 
indicated  by  the  shared  presence  of  Lanthanotherium  sawini, 
Copemys  russelli,  Archaeohippus  mourningi  (Merriam,  1913), 
Hesperocarnelus  alexandrae  (Davidson,  1923),  and  Proto- 
labis sp.  (see  Davidson,  1923;  MacDonald,  1949;  James, 
1963;  Lindsay,  1972;  Woodburne  and  Tedford,  1982).  This 
strengthens  the  temporal  correlation  of  “A/.”  brevidontus  with 
late  Barstovian  faunas. 

Repenning  and  Vedder  (1961)  provided  a bulk  faunal  list 
for  the  Caliente  Formation  in  the  eastern  Caliente  Range, 
north  of  the  Cuyama  Badlands.  Although  the  taxa  were  not 
described,  nor  their  precise  stratigraphic  position  addressed, 
a temporal  correlation  between  the  Merychippus  cf.  M.  in- 
termontanus  range  zone  in  the  Bopesta  Formation,  and  part 
of  the  Caliente  Formation  is  indicated.  This  correlation  is 
based  on  the  presumed  shared  presence  of  M.  sumani,  “M.” 
brevidontus,  and  Protolabis  sp.  Correlation  is  also  suggested 
for  the  Shark-tooth  Hill  local  fauna  of  the  Round  Mountain 
Silt  (Barnes,  1976)  and  the  North  Coalinga  local  fauna  of  the 
Temblor  Formation  (Bode,  1934,  1935)  based  on  the  shared 
occurrence  of  “M.”  brevidontus.  Also  present  in  the  North 
Coalinga  local  fauna  quarry  are  Archaeohippus  mourningi 
and  '’'Merychippus"  californicus  Merriam,  1915.  The  former 
taxon  is  characteristic  of  many  Barstovian  faunas  of  the  re- 
gion. The  latter  taxon  exhibits  a range  of  cheek-tooth  mor- 
phology that  overlaps  that  of  M.  intermontanus  and  M.  su- 
mani. The  similarity  of  the  stage  of  dental  evolution  of  these 
equids  tends  to  reinforce  the  temporal  correlation  between 
these  faunal  assemblages. 


Age  Summary 

Deposition  of  the  Bopesta  Formation  can  be  confidently  in- 
terpreted as  having  occurred  between  about  17  and  14  Ma. 
This  assertion  is  based  on  the  geochronologic  determinations 
and  biochronologic  interpretations  presented  above.  Bio- 
chronologic  correlations  of  the  biozones  recognized  in  the 
Bopesta  Formation  can  be  utilized  to  construct  a more  refined 
temporal  framework  than  previously  possible.  This  frame- 
work is  summarized  as  follows; 

1)  The  "Merychippus"  carrizoensis  range  zone  is  consid- 
ered late  Hemingfordian  in  age  and  is  appreciably  younger 
than  17.6  Ma  and  older  than  16.3  ± 0.3  Ma. 

2)  The  "M."  stylodontus  range  zone  is  best  regarded  as 
earliest  Barstovian  in  age  and  is  considered  to  be  older  than 
16.3  ± 0.3  Ma,  but  may  be  somewhat  younger. 

3)  The  M.  cf  M.  intermontanus  range  zone  is  considered 


to  range  from  early  to  late  Barstovian  in  age  and  ranges  from 
older  than  15.6  Ma  to  as  young  as  13.4  Ma. 

The  precision  of  this  temporal  framework  could  be  tested 
by  a magnetostratigraphic  study  of  the  Bopesta  Formation 
calibrated  by  radiometric  determinations  on  its  pyroclastic 
deposits. 
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APPENDIX  A 

Stratigraphic  and  geographic  positions  and  faunal  contents 
of  selected  vertebrate  fossil  localities  in  the  Bopesta  For- 
mation, southern  Sierra  Nevada,  California,  are  presented 
here.  This  list  does  not  include  all  the  vertebrate  fossil  lo- 
calities in  the  Bopesta  Formation;  for  additional  information 
see  the  vertebrate  fossil  locality  descriptions  on  file  at  LACM, 
UCMP,  and  UCR.  Vertebrate  fossil  localities  are  shown  on 
Plate  11,  stratigraphic  distribution  of  localities  is  shown  on 
Figure  31. 

HEMINGFORDIAN  LOCALITIES 

V-2577,  this  is  the  Phillips  Ranch  locality  of  Buwalda  (1916). 
Fauna  reportedly  collected  from  a unit  of  sandstones  con- 
taining chert  layers,  50  to  75  ft.  ( 1 5 to  23  m)  thick,  one  mile 
northeast  of  Phillips  Ranch,  in  Sand  Canyon.  This  site  prob- 
ably collected  from  three  stratigraphically  separated  fossil- 
iferous  levels  of  Tbl,  between  160  and  270  ft.  (49  and  82  m) 
stratigraphically  above  the  base  of  the  Bopesta  Formation, 
in  the  SE  'A,  NE  ‘A,  Sec.  33,  and  SW  'A,  NW  ‘A,  Sec.  34,  T 
31  S,  R 34  E.  Taxa:  Canidae,  Felidae,  "^Merychippus"  car- 
rizoensis,  Moropus  sp.,  Camelidae,  Merycodiis  sp. 

LACM(CIT)  503,  fauna  collected  from  a 15  ft.  (4.5  m)  thick 
sequence  of  sandstone  and  chert,  reportedly  in  the  N ‘A,  Sec. 
33,  T 31  S,  R 34  E.  This  site  is  the  stratigraphically  lowest 
fossiliferous  level  in  the  area  of  V-2577.  It  occurs  from  160 
to  190  ft.  (48  to  58  m)  stratigraphically  above  the  base  of 
the  Bopesta  Formation  in  the  SE  ‘A,  NE  'A,  Sec.  33  and  SW 
>A,  NW  ‘A,  Sec.  34,  T 31  S,  R 34  E.  Taxa:  Testudinidae, 
Tomarctus  sp.,  Felidae,  ^'Merychippus"  carrizoensis,  Hypo- 
hippus  sp.,  Cynorca  sociale,  Miolabis  sp.  A,  Stenomylus  sp., 
Camelidae  gen.  and  sp.  indet.,  Merychyus  relictus. 

RV-8257,  grayish  brown  conglomeratic  wacke,  about  270  ft. 
(82  m)  stratigraphically  above  the  base  of  the  Bopesta  For- 
mation in  Tbl.  This  locality  is  immediately  below  a white 
ash  tuff  (from  which  P-3643  was  collected)  and  about  10  ft. 
(3  m)  stratigraphically  below  an  agglomerate  of  Tbi,  in  the 
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SE  '/»,  SW  '4,  Sec.  34,  T 31  S,  R 34  E.  Taxon;  "^Merychippus" 
carrizoensis. 

P-3643,  locality  of  the  Tehachapi  flora  (Axelrod,  1939),  col- 
lected mainly  from  a white  air-fall  tuff  at  the  Filtrol  Cor- 
poration quarry,  approximately  270  ft.  (82  m)  stratigraph- 
ically  above  the  base  of  the  Bopesta  Formation  in  the  SE  'A, 
SW  ‘A,  Sec.  34,  T 31  S,  R 34  E.  Taxa:  Limnaea,  IPlanorbis, 

‘ ‘ M erych ippus"  carrizoensis. 

RV-8252,  dark  brown  to  black,  weathering  to  light  yellow- 
gray,  wacke,  in  Tbl,  between  agglomerates  and  breccias  of 
Tbi,  in  the  NW  ‘A,  NW  'A,  Sec.  35,  T 31  S,  R 34  E.  Taxon: 
"’Merychippus"  carrizoensis. 

RV-8253,  cream  colored  chert,  just  above  an  agglomerate  of 
Tbi,  in  the  center  of  the  E ‘A,  Sec.  34,  T 3 1 S,  R 34  E.  Taxon: 

‘ ‘ M erych ippus"  carrizoensis. 

LACM(CIT)  499,  gray-green  mudstone  below  a yellow-green 
conglomeratic  arenite,  in  the  lower  portion  of  Tbm,  esti- 
mated to  be  about  800  ft.  (244  m)  stratigraphically  below 
the  top  of  the  unit,  in  the  center  of  the  SW  'A,  SE  'A,  Sec.  36, 
T 31  S,  R 34  E.  Taxa:  "Merychippus"  carrizoensis,  Came- 
lidae,  Merycodus  sp. 


BARSTOVIAN  LOCALITIES 

RV-8242,  yellow-gray  wacke,  from  the  lower  portion  of 
Tbm,  approximately  50  ft.  (15  m)  stratigraphically  above 
LACM(CIT)  499,  in  the  S ‘A,  SE  'A,  Sec.  36,  T 31  S,  R 34  E. 
Taxon:  "‘'Aferychippus"  stylodontiis. 

RV-8235,  material  found  as  float  below  a light  green,  pebble 
conglomeratic  arenite,  from  lower  Tbm,  estimated  to  be  30 
ft.  (9  m)  stratigraphically  above  RV-8242,  in  the  NE  ‘A,  SW 
'A,  Sec.  36,  T 31  S,  R 34  E.  Taxon:  ""Aferychippus"  stylo- 
dontus. 

LACM(CIT)  498,  general  locality  for  materials  collected  from 
interbedded  arenites  and  mudstones  of  lower  Tbm,  about  20 
ft.  (6  m)  stratigraphically  above  RV-8235,  in  the  W ‘A,  NE 
'A,  Sec.  36,  T 31  S,  R 34  E.  Taxa:  Gopheriis  brattstromi, 
Hypolagus  sp.,  Felidae,  Canidae,  ""Aferychippus"  stylodontiis, 
Hypohippus  sp.,  Brachycrus  cf  B.  biiwaldi,  Hesperocamelus 
sp.,  Afiolabis  sp.  B,  Palaeomerycidae,  Aferycodus  sp. 

RV-8237  (=LACM(CIT)  5 1 7),  poorly  exposed,  greenish  gray 
wacke  about  6 ft.  (2  m)  below  a resistant  yellow-green  con- 
glomeratic arenite,  in  the  lower  portion  of  Tbm,  about  30  ft. 
(9  m)  stratigraphically  above  LACM(CIT)  498,  in  the  center 
of  Sec.  36,  T 3 1 S,  R 34  E.  Taxa:  ""Aferychippus"  stylodontiis, 
cf  Afiolabis  sp. 

LACM(CIT)  500,  “light  colored  coarse  sandstone  and  tuff- 
aceous  sandstone,”  in  NE  'A,  Sec.  36,  T 31  S,  R 34  E.  Al- 
though the  general  location  and  stratigraphic  position  of  this 
site  are  well  documented,  the  exact  fossiliferous  horizon  was 
not  relocated  during  fieldwork  for  this  project.  The  locality 
is  in  Tbm,  about  70  ft.  (21  m)  above  RV-8237  and  600  ft. 
(183  m)  stratigraphically  below  the  top  of  the  unit.  Taxa: 


Aferychippus  cf  Af.  intermontanus,  Camelidae,  Aferycodus 
sp. 

RV-8240  (=LACM  4900),  light  gray  arenite  interbedded  with 
dark  gray  mudstones,  from  Tbm,  about  580  ft.  ( 1 77  m)  strati- 
graphically below  the  top  of  the  unit,  in  the  W ‘A,  SE  ‘A,  Sec. 
3 1 , T 3 1 S,  R 35  E.  Taxa:  Equinae,  Brachycrus  buwaldi, 
Aferycodus  sp. 

RV-8241,  gray-green  wacke,  545  ft.  (166  m)  stratigraphically 
below  the  top  of  Tbm  in  the  SE  'A,  Sec.  31,  T 31  S,  R 35  E. 
Taxon:  cf  Aferychippus  sp. 

RV-8208,  float  from  a greenish  conglomeratic,  coarse-grained 
arenite,  510  ft.  (155  m)  stratigraphically  above  the  base  of 
Tbm,  in  the  SW  'A,  NW  >A,  Sec.  34,  T 31  S,  R 35  E.  Taxon: 
cf  Aferychippus  sp. 

RV-8229,  gray  mudstone  from  Tbm,  approximately  490  ft. 
(150  m)  stratigraphically  below  the  top  of  the  unit,  on  the 
center  line  of  the  S 'A,  SE  'A,  Sec.  3 1 , T 3 1 S,  R 35  E.  Taxa; 
Equinae,  Cynorca  cf  C.  occidentale,  Aferycodus  sp. 

RV-8204,  light  gray  mudstone,  555  ft.  (169  m)  stratigraph- 
ically above  the  base,  and  440  ft.  (134  m)  stratigraphically 
below  the  top  of  Tbm,  in  the  NW  ‘A,  NW  ‘A,  Sec.  4,  T 32  S, 
R 35  E.  Taxon:  Protolabis  sp. 

RV-8230,  float  from  interbedded  light  gray  arenites  and  dark 
gray-green  mudstones,  40  ft.  (12  m)  stratigraphically  above 
RV-8229.  Taxa:  Aferychippus  cf.  Af.  intermontanus,  cf  Pro- 
tolabis sp. 

RV-8256  (=LACM(CIT)  501),  general  locality  for  float  from 
interbedded  light  gray  arenites  and  gray-green  mudstones, 
between  480  and  400  ft.  (146-122  m)  stratigraphically  below 
the  top  of  Tbm,  in  the  SE  'A,  Sec.  31,  T 31  S,  R 35  E. 
Vertebrate  fossils  were  observed  in  situ  at  several  levels  with- 
in this  interval,  but  were  not  collected.  Taxa:  Aferychippus 
cf  Af.  intermontanus,  Af.  cf  Af.  sumani,  Archaeohippus  near 
A.  ultimus,  Rhinocerotidae,  Afiolabis  sp.,  Merycoidodonti- 
dae,  Palaeomerycidae,  Aferycodus  sp. 

RV-8206,  drab  wacke,  560  ft.  ( 1 70  m)  stratigraphically  above 
the  base  of  Tbm,  in  the  SW  ‘A,  NW  ‘A,  Sec.  34,  T 31  S,  R 
35  E.  Taxon:  cf  Aferychippus  sp. 

RV-8201,  dark  gray-green  mudstones  850  ft.  (259  m)  above 
the  base  of  the  formation  and  570  ft.  (173  m)  above  the  base 
of  Tbm,  in  the  NW  'A,  NW  'A,  Sec.  4,  T 32  S,  R 35  E.  This 
locality  is  25  ft.  (7.6  m)  stratigraphically  above  RV-8204. 
Taxa:  Testudinidae,  Aferychippus  cf  Af.  intermontanus.  Ca- 
melidae. 

RV-8205,  same  lithology  and  stratigraphic  position  as  RV- 
8201.  Taxon:  cf  Protolabis  sp.,  Camelidae. 

RV-8247,  green-gray  wacke,  1045  ft.  (318  m)  stratigraph- 
ically above  the  base  of  the  formation  and  245  ft.  (75  m) 
below  the  top  of  Tbm  in  the  SW  'A,  SW  'A,  Sec.  33,  T 31  S, 
R 35  E.  Taxon:  cf.  Aferychippus  sp. 

RV-8228,  yellowish  green  conglomeratic,  coarse-grained  ar- 
enite, 180  ft.  (55  m)  stratigraphically  below  the  top  of  Tbm, 
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in  the  NE  '/t,  SE  'A,  SE  ‘A,  Sec.  3i,  T 3 1 S,  R 35  E.  Taxon: 
Merychippus  cf.  M.  intermontanus. 

RV-8214,  light  gray  arenite,  130  ft.  (40  m)  stratigraphically 
below  the  top  of  Tbm  in  the  SW  ‘/s,  SW  'A,  Sec.  33,  T 31  S, 
R 35  E.  Taxa:  Equinae,  cf  Protolabis  sp. 

RV-8210  (=LACM  1546),  light  gray,  medium-grained,  ar- 
enite, approximately  115  ft.  (35  m)  stratigraphically  below 
the  top  of  Tbm,  in  the  SW  'M,  SW  ‘A,  SW  'A,  Sec.  33,  T 31 
S,  R 35  E.  Taxon:  Merychippus  cf.  M.  intermontanus. 

RV-8232,  gray  wacke  about  100  ft.  (30  m)  stratigraphically 
below  the  top  of  Tbm,  in  the  NE  'A,  SW  Va,  Sec.  5,  T 32  S, 
R 35  E.  Taxon:  Merychippus  cf  M.  intermontanus. 

RV-8234,  same  lithology  as,  and  about  50  ft.  (15  m)  east, 
and  about  1 0 ft.  (3  m)  stratigraphically  above  RV-8232.  Tax- 
on: Merycodus  sp. 

RV-8244,  gray-green  mudstone,  18  ft.  (5.5  m)  stratigraph- 
ically below  the  top  of  Tbm,  in  the  SW  ‘A,  SW  'A,  Sec.  33, 
T 31  S,  R 35  E.  Taxa:  Merychippus  cf  M.  intermontanus, 
Merycodus  sp. 

RV-8225  (LACM(CIT)  502),  gray  mudstone  about  10  ft.  (3 
m)  stratigraphically  above  the  base  of  Tbu,  located  on  the 
center  line  of  the  W 'A,  SW  >A,  Sec.  32,  T 3 1 S,  R 35  E.  Taxa: 
Testudinidae,  Lanthanotherium  sawini,  Hypolagus  sp.,  Co- 
pemys  cf  C.  russelli,  Canidae,  Carnivora,  Merychippus  cf 
M.  intermontanus,  M.  cf  M.  sumani,  Merychippus'"’  brevi- 
dontus,  '"Merychippus''''  nov.  sp.,  Rhinocerotidae,  Camelidae 
gen.  and  sp.  indet.,  Merycodus  sp. 


RV-8224,  greenish  gray  wacke,  about  1 5 ft.  (5  m)  stratigraph- 
ically above  the  base  of  Tbu,  in  the  SW  'A,  Sec.  32,  T 31  S, 
R 35  E.  Taxa:  Equidae,  Merycodus  sp. 

LACM  4894,  approximately  25  ft.  (8  m)  stratigraphically 
above  the  base  of  Tbu  in  the  NE  'A,  Sec.  5,  T 32  S,  R 35  E. 
Taxa:  cf  Archaeohippus  sp.,  cf  Merychippus  sp.,  Rhinocer- 
otidae, Camelidae,  Merycodus  sp. 

RV-8249,  gray-green  mudstone,  45  ft.  (14  m)  stratigraph- 
ically above  the  base  of  Tbu,  in  the  SW  ‘A,  SW  'A,  Sec.  33, 
T 31  S,  R 35  E.  Taxon:  Merychippus  cf  M.  intermontanus. 

RV-8250,  gray-green  wacke  8 ft.  (2.4  m)  stratigraphically 
above  RV-8249.  Taxa:  cf.  Archaeohippus  sp.,  Merycodus  sp. 

RV-8251,  found  as  float,  50  ft.  (15  m)  east  and  2 ft.  (0.6  m) 
stratigraphically  below  RV-8250,  but  presumably  from  same 
stratigraphic  level.  Taxon:  cf  Brachypsalis  sp. 

RV-8220,  light  gray,  fine-grained  arenite,  approximately  290 
ft.  (88  m)  stratigraphically  above  the  base  of  Tbu,  in  the  NE 
'A,  NE  'A,  Sec.  5,  T 32  S,  R 35  E.  Taxa:  Merychippus  cf  M. 
intermontanus.  Camelidae,  Merycodus  sp. 

RV-8212,  same  lithology  and  stratigraphic  position  as  RV- 
8220,  but  some  500  ft.  (152  m)  to  the  west.  Taxon:  Meryc- 
hippus cf  M.  intermontanus. 

RV-8248,  gray-green  mudstone  roughly  560  ft.  (170  m) 
stratigraphically  above  the  base  of  Tbu,  in  the  SE  >A,  SE  ‘A, 
Sec.  32,  T 31  S,  R 35  E.  Taxon:  cf  Archaeohippus  sp. 
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GLOSSARY 


Anatomical  Abbreviations 


aa 

anguloarticular  (compound) 

hsV15 

hemal  spine  of  fifteenth  centrum 

pi 

posterolateral  latero-sensory  ca- 

abf 

abductor  fossa 

hy 

hyomandibula 

nal 

ads 

adipose-fm  spine 

hyp 

hypurals 

pmx 

premaxilla 

af 

articular  facet  for  rib  on  V6 

ib 

infrapharyngobranchial 

pop 

preopercle 

afcb 

accessory  flange  of  first  cerato- 

ih 

interhyal 

pope 

preopercular  latero-sensory  ca- 

branchial 

ioc 

infraorbital  canal 

nal 

afeb 

accessory  flange  of  first  epibran- 

iol-io6 

infraorbitals  1 through  6 

pr 

prootic 

chial 

le 

lateral  ethmoid 

prf 

prootic  foramina 

ah 

anterohyal 

Ipt 

lateropterygium 

prx 

proximal  radial 

ape 

levator  arcus  palatini  crest 

md 

mandibularis  dorsal  foramen 

ps 

parasphenoid 

apV7 

anterior  process  of  seventh  cen- 

(inner) for  entry  of  facial  nerve 

ptc 

pterygoid  channel 

trum 

me 

mesethmoid 

pts 

pterosphenoid 

bb 

basibranchial 

mn 

foramen  (outer)  for  exit  of  man- 

pt-sc 

pterotic-supracleithrum  (com- 

bl 

Baudelot’s  ligament 

dibular  branch  of  facial  nerve 

pound) 

bo 

basioccipital 

mpt 

metapterygoid 

q 

quadrate 

bpt 

basipterygium 

mptc 

articular  condyle  to  metaptery- 

rV6 

rib  of  sixth  centrum 

br 

branchiostegal 

goid 

shpp 

secondary  hypurapophysis 

cb 

ceratobranchial 

mptf 

articular  facet  of  metapterygoid 

so 

supraoccipital 

cc 

Weberian-complex  centra 

to  lateral  ethmoid 

sp 

sphenotic 

cl 

cleithrum 

mx 

maxilla 

spop 

suprapreopercle 

cn 

cleithral  notch  of  pterotic-supra- 

n 

nasal 

spl 

first  dorsal-fin  spinelet 

cleithrum 

np 

nuchal  plate 

sp2 

second  (defensive)  dorsal-fin 

CO 

coracoid 

ns 

neural  spine 

spine 

d 

dentary 

nsV6 

neural  spine  of  sixth  centrum 

tc 

temporal  latero-sensory  canal 

dr 

distal  radial 

op 

opercle 

tvpr 

transverse  process 

eb 

epibranchial 

os 

orbitosphenoid 

uh 

urohyal 

ep 

epural 

pi  + sn 

fused  first  dorsal-fin  pterygio- 

un 

uroneural 

ex 

exoccipital 

phore  and  supraneural 

upj 

upper  pharyngeal  tooth  plate 

f 

frontal 

p2 

proximal  radial,  second  dorsal- 

VII 

foramen  for  truncus  hyomandi- 

fma 

foramen  for  passage  of  afferent 

fin  pterygiophore 

bularis  nerve 

mandibular  artery 

pal 

palatine 

V6, 

sixth,  tenth  vertebral  centrum. 

ftf+fop 

compound  trigeminofacialis  and 

pals 

palatine  splint 

VIO, 

etc. 

optic  nerve  foramen 

pas 

pre-adipose  scute 

etc. 

hb 

hypobranchial 

per 

procurrent  caudal-fin  rays 

vo 

vomer 

hf 

hyomandibula  articular  facet 

pf 

articular  facet  for  palatine 

vpcc 

ventral  process  of  Weberian- 

hh 

hypohyal 

pfr 

pectoral-fin  radials 

complex  centrum 

hpp 

hypurapophysis 

ph 

posterohyal 

wc 

Weberian  capsule 

hs 

hemal  spine 
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OSTEOLOGY  OF  HYPOSTOMUS  PLECOSTOMUS  (LINNAEUS), 
WITH  A PHYLOGENETIC  ANALYSIS  OF  THE  LORICARIID 
SUBFAMILIES  (PISCES:  SILUROIDEI) 

Scott  A.  Schaefer*'^ 


ABSTRACT.  The  skeletal  anatomy  of  Hypostomus  plecostomus 
(Linnaeus)  is  described.  Details  of  the  osteology  of  H.  plecostomus 
are  compared  to  homologous  features  in  other  Loricariidae  and  out- 
group siluroids  as  the  foundation  for  a phylogenetic  analysis  of  the 
six  loricariid  subfamilies  (Ancistrinae.  Hypoptopomatinae,  Hypo- 
stominae,  Lithogeninae,  Loricariinae,  Neoplecostominae).  Hyposto- 
mus plecostomus  is  shown  to  possess  a mosaic  of  both  primitive  and 
derived  features,  although  no  uniquely  derived  characters  were  found 
which  diagnose  either  Hypostomus  or  the  subfamily  Hypostominae. 
The  Loricariidae  is  diagnosed  as  monophyletic  on  the  basis  of  16 
synapomorphies.  Numerical  cladistic  analysis  using  PAUP  (Phylo- 
genetic Analysis  Using  Parsimony)  revealed  the  following  pattern  of 
relationship: 

((Hypoptopomatinae)  ((Loricariinae)(Ancistrinae  + Hypostominae))) 

Representatives  of  the  Neoplecostominae  and  Lithogeninae  were  not 
included  in  the  numerical  analysis;  their  phylogenetic  relationships 
were  inferred  a posteriori.  Four  characters  diagnose  the  clade  com- 
posed of  the  Loricariinae,  Hypostominae,  and  Ancistrinae.  Eight 
characters  diagnose  the  genera  assigned  to  the  Hypostominae  + 
Ancistrinae  as  monophyletic.  Evidence  for  monophyly  of  the  An- 
cistrinae is  presented  and  the  consequent  paraphyly  of  the  Hypo- 
stominae is  discussed.  The  results  of  this  analysis  are  compared  with 
previous  loricariid  classifications. 

INTRODUCTION 

The  Neotropical  catfish  family  Loricariidae  is  an  extremely 
diverse  group  of  freshwater  fishes,  principally  characterized 
by  having  the  body  encased  in  bony  dermal  plates  and  by 
the  possession  of  a ventral  sucker-like  mouth.  With  more 
than  600  described  species  in  70  genera  and  six  subfamilies 
(Isbriicker,  1980),  loricariids  comprise  nearly  24%  of  all  de- 
scribed catfishes  (over  2200  species  total;  Nelson,  1984).  De- 
spite a detailed  alpha-level  taxonomy  (Isbriicker,  1 980),  there 
have  been  few  attempts  at  higher  taxonomic  synthesis  of  the 
family,  which  can  be  partially  explained  by  the  absence  of 
any  comprehensive  anatomical  study.  Regan  (1904)  listed 
certain  osteological  features  that  he  considered  definitive  of 
the  family  and  its  subgroups.  Alexander  (1964,  1965),  Char- 
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don  ( 1 968),  Lundberg  and  Baskin  ( 1 969),  and  Howes  (1983) 
described  various  aspects  of  the  osteology  of  selected  lori- 
cariids in  broad  comparative  surveys,  but  no  loricariid  taxa 
have  been  the  subject  of  a thorough  description. 

Previous  contributions  to  loricariid  classification  were  pro- 
vided by  Eigenmann  and  Eigenmann  (1890),  Regan  (1904), 
Gosline  ( 1 945,  1 947),  Boeseman  (1971),  and  Isbriicker  ( 1 980). 
Isbriicker’s  arrangement  of  taxa  is  similar  to  that  of  Eigen- 
mann and  Eigenmann  (1890),  with  the  exception  of  separate 
subfamily  status  for  the  Lithogeninae  and  Ancistrinae,  and 
a restricted  definition  of  the  Neoplecostominae.  The  Litho- 
geninae is  solely  represented  by  the  holotype  of  Lithogenes 
villosus  (FMNH  52960),  while  the  Neoplecostominae  (two 
species)  are  poorly  represented  in  U.S.  museum  collections. 

Loricariid  systematics  has  traditionally  been  based  on  ex- 
ternal morphology,  such  as  body  shape,  meristics,  propor- 
tional differences,  coloration,  patterns  of  fin  size  and  place- 
ment, and  dermal  scutation.  While  of  potential  value  at  the 
alpha-level,  these  kinds  of  characters  are  of  questionable  gen- 
eral utility  in  phylogenetic  analyses  because  knowledge  con- 
cerning their  homology  and  evolutionary  polarity  is  generally 
absent.  Strauss  (1985)  has  shown  that  morphometric  char- 
acters similarly  used  to  delimit  species  of  the  callichthyid 
genus  Corydoras  display  strong  evolutionary  allometry  and 
those  that  exhibit  size-independence  are  continuous  among 
species.  There  is  thus  a clear  need  for  taxonomic  synthesis 
within  such  diverse  groups  based  on  phylogenetic  informa- 
tion drawn  from  characters  in  addition  to  these  external  fea- 
tures. 

The  purpose  of  the  present  report  is  to  provide  the  first 
comprehensive  osteological  description  of  a typical  loricariid 
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representative,  Hypostonius  plecostomus.  in  order  to:  ( 1)  pro- 
vide a foundation  for  discussion  of  the  variations  in  osteo- 
logical  features  across  loricariid  genera,  (2)  clarify  conflicting 
literature  accounts  of  bone  homology  and  terminology,  and 
(3)  present  an  anatomical  foundation  for  the  phylogenetic 
analysis  of  the  loricariid  subfamilies. 

Loricariids  are  the  dominant  component  within  the  more 
inclusive  monophyletic  Neotropical  loricarioid  catfishes 
(Baskin,  1972;  Howes,  1983;  Schaefer  and  Lauder,  1986). 
The  loricarioid  clade  represents  one  of  only  a few  well-doc- 
umented monophyletic  suprafamilial  groups  among  the  31 
currently  recognized  siluroid  families,  including  over  1 100 
species  exhibiting  diverse  morphologies,  and  occupying  a 
variety  of  Neotropical  habitats.  Schaefer  and  Lauder  (1986) 
presented  functional  morphological  evidence  in  support  of 
the  phylogeny  of  Baskin  (1972)  for  the  Loricarioidea  (Fig. 


1),  but  suggested  that  the  Scoloplacidae  be  excluded  from  the 
Loricariidae.  The  phylogenetic  relationships  of  the 
Scoloplacidae  are  poorly  known  and,  therefore,  while  con- 
sidered a member  of  the  loricarioid  clade,  this  taxon  is  not 
placed  on  the  loricarioid  cladogram.  The  cladistic  arrange- 
ment of  loricarioid  families  (Fig.  1)  is  here  used  as  the  foun- 
dation for  the  phylogenetic  analysis  within  the  Loricariidae. 

METHODS 

Skeletal  preparations  were  cleared  and  alcian-alizarin  double 
stained  according  to  procedures  modified  from  Dingerkus 
and  Lfhler  (1977).  Limited  examination  of  connective  tissue 
and  pathways  of  blood  vessels  and  nerves  was  achieved  by 
subsequent  specimen  immersion  in  70%  ethanol.  The  paths 
of  the  cranial  latero-sensory  canals  were  determined  by  in- 
jection with  India  ink.  Illustrations  were  prepared  using  a 
Wild  M-5  dissecting  microscope  with  the  aid  of  a camera 
lucida.  Anatomical  illustrations  are  of  Hypostomus  plecosto- 
nius  (RMNH  25463)  unless  noted  otherwise.  Muscle  no- 
menclature follows  Winterbottom  (1974). 

Patterns  of  evolutionary  relationship  among  taxa  were  in- 
ferred using  the  methods  of  phylogenetic  systematics  (for 
reviews  see  Eldredge  and  Cracraft,  1980;  Wiley,  1981).  Taxa 
are  grouped  solely  on  the  basis  of  shared,  derived  character- 
states.  In  this  study  the  term  “character”  is  used  following 
Ghiselin  (1984)  and  refers  to  homologous  features  across 
taxa,  while  the  term  “character-state”  refers  to  the  particular 
condition  of  that  character  in  an  operational  taxonomic  unit 
(OTU).  Other  than  the  initial  choice  of  characters,  no  a priori 
character  weighting  was  employed. 

Numerical  cladistic  analysis  was  conducted  using  PAUP 
(Phylogenetic  Analysis  Using  Parsimony),  version  2.4.0, 
written  and  made  available  for  the  IBM  microcomputer  by 
D.  Swoffbrd  (Illinois  Natural  History  Survey).  PAUP  was 
used  to  generate  the  most  parsimonious  tree(s)  that  minimize 
the  number  of  homoplastic  (reversed  or  convergent)  char- 
acter-state changes.  Additive  multistate  character  coding  was 
employed.  Polarity  among  character-states  was  determined 
by  outgroup  comparison  (Stevens,  1980;  Farris,  1982;  Mad- 
dison  et  ak,  1 984)  among  loricarioid  and  other  catfishes  (Fig. 
1 ).  Character-states  present  in  callichthyids  and  astroblepids 
were  included  in  the  numerical  analysis  according  to  Mad- 
dison  et  al.  (1984).  When  (1)  outgroup  relations  are  suffi- 
ciently resolved  initially,  (2)  the  next  most  closely  related 
taxon  to  the  sister-taxon  of  the  ingroup  is  included,  and  (3) 
ancestral  states  are  considered  while  the  ingroup  is  being 
resolved,  the  procedure  of  Maddison  et  al.  (1984)  ensures 
that  ingroup  trees  are  globally  parsimonious  and  avoids  po- 
tential rooting  problems  resulting  from  autapomorphic  states 
in  a single  outgroup  taxon.  Characters  were  designated  as 
unordered  whenever  hypotheses  of  evolutionary  transfor- 
mation among  states  could  not  be  made  in  an  objective  man- 
ner. Unordered  characters  are  treated  by  the  program  such 
that  all  possible  state  changes  are  equally  likely.  Characters 
not  present  or  unobservable  in  a given  taxon  were  coded  as 
missing  and  were  not  used  in  the  calculation  of  branch-lengths 
by  the  program. 
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Character  analysis  was  performed  on  selected  represen- 
tatives of  the  six  loricariid  subfamilies.  Because  phylogenetic 
relationships  within  the  loricariid  subfamilies  are  largely  un- 
known, it  was  not  possible  to  rely  on  the  more  primitive 
members  to  characterize  the  subfamilies.  The  numerical 
analysis  proceeded  in  the  following  manner.  A matrix  of  30 
characters,  which  included  all  taxa  represented  by  skeletal 
material  (see  below),  was  input  to  the  local  branch-swapping 
routine  (Swofford,  1986)  of  the  program.  Over  50  equally 
parsimonious  trees  were  generated,  all  of  which  differed  only 
in  the  arrangement  of  taxa  within  the  subfamilies.  A second 
character  matrix  (Table  1)  was  derived  by  replacing  the  gen- 
era within  each  subfamily  with  a single  hypothetical  OTU. 
The  CSPOSS  option  (Swofford,  1986)  was  used  to  generate 
listings  of  all  possible  character-states  assigned  to  these  an- 
cestral nodes.  These  states  were  consistent  for  each  node  in 
the  first  50  trees  examined.  When  more  than  one  state  was 
listed  as  possible,  hypothetical  OTUs  were  assigned  the  more 
ancestral  state.  The  ALLTREES  option  (Swofford,  1986)  was 
used  on  the  reduced  data  matrix  to  search  among  all  possible 
tree  topologies  to  find  the  shortest  tree(s). 

MATERIALS 

Material  examined  is  listed  below  by  family,  species,  cata- 
logue number,  number  of  specimens  examined,  and  locality, 
cs  denotes  alizarin  material. 

Diplomystidae— viedmensis  EMNH  58004  ( 1 
cs)  Argentina:  Rio  Colorado;  Amphiliidae  — R/jrac/ura 
scaphrorhynchum  EMNH  55350  (3,  1 cs)  Zaire:  Niapu;  Ne- 
maXogQnyidiaQ—Nematogenys  inennis  EMNH  96108  (1), 
96939  (1  cs)  Chile:  Santiago  Market;  Trichomycteridae  — 
Acanthopoma  bondi  EMNH  96623  (5  cs)  Ecuador:  Rio  Napo 
at  Cola;  Henonemus  sp.  EMNH  96624  (2  cs)  Ecuador:  Rio 
Payamino;  Pseudostegophiliis  nemwus  EMNH  96625  (1  cs) 
Ecuador:  Rio  Payamino;  Trichomycterus  oroyae  EMNH 
41047-52  (6)  Peru:  La  Pampa,  Rio  Madre  de  Dios;  Tricho- 
mycterus sp.  EMNH  96618  (1  cs)  Ecuador:  Rio  Due;  Scol- 
oplacidae— Aco/op/fl-v  o'/cra  UMMZ  198967  Paratypes  (2  cs) 
Bolivia:  Rio  Itenez;  Callichthyidae— Cfl///c/7t/?.V5  callichthys 
EMNH  50068  (1)  Trinidad:  San  Rafael;  Corydoras  aeneus 
EMNH  54832  (3  cs)  Brazil:  Sapucay;  Corydoras  paleatus 
EMNH  69994  (2)  Uruguay:  Estancia  Jeffries;  Corydoras 
punctatus  EMNH  69548  (1  cs)  Surinam:  Brokopondo,  Mar- 
shall Creek;  Decapogon  sp.  EMNH  96940  (2  cs)  South  Amer- 
ica, aquarium  specimens;  Hoplosterman  magdalenae  EMNH 
84055  ( 1 cs)  Colombia:  Rio  Magdalena  drainage;  Astroblep- 
idat— Astroblepus  boidengeri  EMNH  96626  (2  cs)  Ecuador: 
Rio  Dashino;  A.  festae  EMNH  96627  (1  cs)  96941  (1)  Ec- 
uador: Rio  Malo;  A.  grixalvae  EMNH  96628  (1  cs)  Ecuador: 
Rio  Napo  prov.,  Rio  Machangara;  A.  longifiUis  EMNH  70017 
(3)  Colombia:  Monte  Redondo;  A.  simonsii  EMNH  84655 
(1)  Peru:  Rio  Santa  basin,  Santo  Toribio;  Loricariidae,  An- 
cistrinae— AncAb'Jw  chagresi  EMNH  84604  (3  cs)  Panama: 
Rio  Erijolita;  A.  cirrhosiis  UMMZ  206085  (5  cs)  Paraguay: 
Arroyo  Corriente;  Chaetostoma  anomalus  USNM  121059 
(5)  Venezuela:  Rio  Charna;  C.fischeri  EMNH  77308  (10,  1 
cs)  Colombia:  Western  Slope;  Dolichancistrus  atratoensis 


USNM  263416  ( 1)  Colombia:  Choco,  Rio  Ucati;  D.  cobrensis 
UMMZ  141941  Paratypes  (9,  1 cs)  Venezuela:  Rio  Mara- 
caibo basin,  Rio  Cobre;  D.  pediculatus  CAS  58789  (4,  1 cs) 
Colombia:  Meta,  Villavicences,  quebrada  Cramalote;  Ex- 
astilithoxus  fimbriatus  AWHH  56097  (3,  1 cs)  Venezuela: 
Rio  Mawarinuma;  Hemiancistrus  megacephalus  CAS  56703 
( 1 , 1 cs)  Guyana:  Amatuk;  Lasiancistnis  caucamis  MCZ  35871 
(1)  Colombia:  Upper  Cauca  River;  L.  caucamis  CAS  33478 
(2,  1 cs)  Colombia:  Upper  Rio  Jaredo;  L.  mayoloi  ANSP 
88385  (4)  Colombia:  Upper  Rio  Jaredo;  Leptoancistrus  can- 
eui'AUSNM  273716  (1  cs)  Panama:  San  Bias,  Rio  Chucubti; 
L.  canensis  USNM  78301  (8)  Panama:  Darien,  Rio  Cana; 
Lipopterichthys  carrioni  MCZ  51702  (1,  1 cs)  Panama:  San 
Bias,  Rio  Chucubuti;  Lithoxus  bovalli  AMNH  54961  (8,  1 
cs)  Surinam:  Nickerie  dist.,  pools  at  Corintijn  River;  Lith- 
oxus lithoides  EMNH  53094  Paratypes  (3  cs)  Guyana:  Ama- 
tuk, Potaro  River;  Panague  purusiensis  EMNH  96955  (2  cs) 
Peru:  Rio  Santiago  at  La  Poza;  Peckoltia  niveata  CAS  6531 
(1,  1 cs)  Brazil:  Rio  Negro,  Sao  Gabriel  Rapids;  Hypostom- 
inae  — Cochliodon  cochliodon  AlASP  144014  (1)  Peru:  Cuzco, 
Rio  Madre  de  Dios,  mouth  of  Rio  Carbon;  C.  cochtiodon 
CAS  5103  (1  cs)  Brazil:  Marajo;  Corymbophanes  andersoni 
AMNH  9187  (13,  1 cs)  Venezuela:  Rio  Machango;  Hypo- 
stomus  plecostomus  CAS  56704  (2,  1 cs)  Guyana:  Wismar, 
Demarara  River;  H.  plecostomus  RMNH  25463  (3,  1 cs) 
Surinam:  Surinam  River  basin,  Compagnie  Creek;  H.  ple- 
costomus RMNH  18241  (9,  3 cs)  Surinam:  Saramanca  canal 
near  Paramaribo;  Hypostomiis  sp.  EMNH  95560  (1  cs)  Bra- 
zil: Para,  Rio  Tocantins;  Isorineloricaria  spinosissima  MCZ 
51699  (2,  1 cs)  Ecuador:  Los  Rios,  Rio  Vinces  at  Vinces; 
Kronichthys  sp.  CAS  32093  ( 1 ) Brazil:  Sao  Paulo  State,  San- 
tos; Kronichthys  heylandi  EMNH  77313  (2  cs)  Brasil:  Mor- 
retes,  Rio  Nhundiaquara;  Megalancistrus  sp.  EMNH  96959 
( 1 cs)  Ecuador:  Rio  Tiputini;  Monistiancistrus  carachama 
ANSP  68654  Holotype  Peru:  Ucayali  River;  Pogonopo- 
moides  parahybae  EMNH  71338  (2  cs)  Brazil:  Sao  Paulo, 
Raiz  de  Serra;  Pterygoplichthys  gibbiceps  EMNH  95576  (1 
cs)  Brazil:  Para,  Rio  Tapajos;  Pterygoplichthys  sp.  EMNH 
96962  (6  cs)  aquarium  specimens;  Pseiidorinelepis  genibar- 
bus  EMNH  95570  (1  cs)  Brazil:  Amazonas,  Lago  Castro, 
Boca  do  Rio  Purus;  Rhinelepis  agassizi  CAS  42325  (1)  Peru: 
Loreto,  Yahuas  Yacu  near  Pebas;  Hypoptopomatinae— //,v- 
poptopoma  sp.  EMNH  96963  (1  cs)  Ecuador:  Rio  Tiputini; 
Hypoptopoma  sp.  EMNH  85814  (3  cs)  Venezuela:  Orinoco 
drainage  near  Biruaca;  Hypoptopoma  sp.  EMNH  85826  (4 
cs)  Venezuela:  Rio  Aruaca;  Microlepidogaster  leucofrenatus 
EMNH  95558  (1  cs)  Brazil:  Sao  Paulo  state,  Eazenda  Poco 
Grande  Juquia;  Otocinclus  sp.  EMNH  84140  (3  cs)  Peru: 
vicinity  Pucallpa;  Otocinclus  sp.  EMNH  96964  (3  cs)  Ec- 
uador: tributary  into  Rio  Tarapuay;  Otocinclus  sp.  CAS  567 1 1 
(9)  Brazil:  Goias,  Corrego  Poney;  Oxyropsis  wrightianum 
AMNH  198452  (1  cs)  Venezuela:  Rio  Mawarinuma;  Lori- 
caninae— Farlowella  sp.  EMNH  96965  (3  cs)  aquarium  spec- 
imens; Lamontichthys  filamentosus  EMNH  84 1 1 1 ( 1 cs)  Peru: 
Rio  Pachitea  drainage,  Rio  San  Alejandro;  Limatulichthys 
punctatus  EMNH  96967  (2  cs)  Ecuador:  Rio  Tiputini;  Lor- 
icaria  sp.  EMNH  96968  (1  cs)  Ecuador:  Rio  Napo;  Lorica- 
riichthys  labialis  EMNH  96969  (2  cs)  Ecuador:  Rio  Jivino; 
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Figure  2.  Neurocranium.  Weberian-complex  centra,  and  sixth  vertebral  centrum  of  Hypostomus  plecostomus,  ventral  view,  anterior  toward 
right.  The  rib  on  the  right  side  of  V6  was  removed,  while  only  the  proximal  portion  of  that  on  the  left  side  is  shown.  Cartilage  in  this  and  all 
subsequent  illustrations  is  shown  by  the  dark  stipple.  Scale  = 5.0  mm. 


Loricariichthyssp.  FMNH  77306  (2  cs)  aquarium  specimens; 
Rhineloricaria  lanceolata  FMNH  96970  ( 1 cs)  Ecuador;  Napo 
prov.,  Rio  Napo,  quebrada  Basurayacu;  Rhineloricaria  ju- 
bata  FMNH  93147  (2  cs)  Ecuador:  Rio  Palenque;  Sturisoma 
sp.  EMNH  9697 1 ( 1 cs)  Ecuador:  Rio  Jivino;  Lithogeninae— 
Lithogenes  villosus  Holotype  FMNH  52960  Guyana:  Arua- 
taima  Falls;  Neoplecostominae— microps 
MCZ  7871  (3)  Brazil:  Goias. 

RESULTS 

Osteology  of  Hypostomus  plecostomus 

Of  the  16  genera  presently  included  in  the  Hypostominae 
(Isbriicker,  1980),  the  genus  Hypostomus  is  by  far  the  most 
speciose,  with  over  1 20  species  described.  Despite  its  taxo- 
nomic diversity,  the  genus  is  generally  representative  of  the 
morphological  diversity  of  the  family.  Species  of  Hypostomus 
are  widely  distributed  from  Panama  in  the  north,  and  east 
of  the  Andes  of  the  Rio  La  Plata  in  the  south. 

Hypostomus  plecostomus  is  restricted  to  coastal  freshwater 
and  brackish  water  localities  of  Surinam  and  Guyana.  Boese- 


man  (1968)  provided  a detailed  nomenclatural  history  for 
the  species,  along  with  mensural  and  meristic  data  on  the 
other  Surinam  species  of  Hypostomus.  and  designated  a neo- 
type for  H.  plecostomus.  Boeseman  noted  that  only  the  coast- 
al Surinam  populations  correspond  with  the  type  description 
of  H.  plecostomus  {Acipenser  plecostomus  Linnaeus)  and  con- 
cluded that  the  many  non-coastal  Surinam  specimens  in  var- 
ious museum  collections  identified  as  H.  plecostomus  are 
most  likely  misidentified. 

Neurocranium 

The  neurocranium  (Figs.  2,  3)  of  Hypostomus  plecostomus 
is  broadly  triangular,  very  wide  posteriorly  at  the  pterotics 
and  medially  at  the  lateral  ethmoids,  and  tapers  gently  be- 
tween the  lateral  ethmoid  and  the  mesethmoid.  The  dorsal 
elements,  in  addition  to  much  of  the  external  surface  of  the 
body,  including  fin  spines  and  rays,  are  ornamented  with 
dermal  teeth,  or  odontodes  (Bhatti,  1938;  Baskin,  1972; 
Howes,  1983). 

The  following  cranial  bones  are  absent  in  loricariids  (Re- 
gan, 1911;  Fink  and  Fink,  1981);  basisphenoid  (absent  in  all 
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Figure  3.  Neurocranium  of  H.  plecostomus.  lateral  view,  right  side.  The  dermal  plates  anterior  to  the  palatine  facet  and  the  pterotic- 
supracleithrum  of  the  right  side  were  removed;  hatched  areas  depict  their  contact  with  the  remainder  of  the  neurocranium,  cross-hatched 
areas  depict  open  spaces.  Scale  = 5.0  mm. 


Ostariophysi);  parietals  (fused  with  the  supraoccipital  in  sil- 
uroids);  intercalar  (absent  in  all  Siluriformes,  which  includes 
gymnotoids);  supraorbital  (absent  in  all  Siluroidei).  The  ho- 
mology of  several  bones  of  the  siluroid  neurocranium  have 
been  confused  and  debated  in  the  literature  (e.g.,  Hoedeman, 
1960;  Chardon,  1968;  Lundberg,  1975;  Fink  and  Fink,  1981; 
Arratia  and  Menu  Marque,  1984)  and  nomenclature  used 
herein  is  taken  mainly  from  Patterson  (1975)  and  Fink  and 
Fink  (1981). 

The  mesethmoid  (Figs.  2,  3;  me)  is  relatively  straight,  slen- 
der, and  cylindrical  in  cross  section.  The  most  notable  fea- 
tures are  the  extreme  reduction  of  the  anterolateral  cornua 
typical  of  catfishes  in  general  (Lundberg,  1982)  and  the  pres- 
ence of  an  anterior  median  vertical  disk  on  the  ventral  sur- 
face. The  lateral  edges  of  the  bone  are  flattened  anteriorly. 
There  is  no  median  cleft.  Lateral  cornua  are  also  greatly 
reduced  in  astroblepids  and  absent  in  callichthyids,  but  pres- 
ent in  trichomycterids  and  the  majority  of  siluroids.  The 
mesethmoid  disk  is  present  in  astroblepids,  yet  reduced  rel- 
ative to  that  in  loricariids.  Posteriorly,  the  mesethmoid  makes 
a large  V-shaped  suture  with  the  vomer  ventrally  and  con- 
tacts the  lateral  ethmoid  dorsally. 

The  paired  lateral  ethmoid  bones  (Figs.  2,  3;  le)  are  strongly 
developed  in  loricariids.  Dorsally,  they  are  broadly  expanded 
where  they  meet  the  paired  frontal  bones  and  the  dermal 
plates  of  the  anterior  snout  region.  They  bear  distinct  pos- 
terolateral processes  which  contribute  to  the  anterior  margin 
of  the  bony  orbit.  The  antorbital  process  bears  a large,  con- 
cave facet  (Figs.  2,  3;  pf)  for  articulation  with  the  posterior 


palatine  condyle.  Extending  posteriorly  from  the  anterior  fac- 
et on  the  ventral  surface  of  the  antorbital  process  is  a low 
ridge  that  contacts  the  dorsal  margin  of  the  metapterygoid. 
This  ridge  continues  posteriorly  to  a large  ovoid  condyle, 
bearing  a distinctly  convex  ventral  surface  (Fig.  2;  mptc).  The 
lateral  ethmoid  condyle  articulates  with  a concave  facet  on 
the  posterodorsal  margin  of  the  metapterygoid.  The  nasal 
capsule  is  entirely  enclosed  within  the  lateral  ethmoid  in  H. 
plecostomus.  Howes  (1983)  described  two  conditions  of  nasal 
encapsulation  in  loricariids  which  differ  by  the  presence  of 
an  anterior  opening.  In  H.  plecostomus  there  is  no  anterior 
opening  to  the  capsule  and  the  anterior  rim  is  complete  and 
shallow. 

The  vomer  (Figs.  2,  3;  vo)  bears  a pair  of  anterior  spikes 
that  suture  with  the  mesethmoid  anteriorly  and  a single  long 
posterior  spike  that  interdigitates  with  a pair  of  complemen- 
tary spikes  of  the  parasphenoid.  The  vomerine  lateral  wings 
are  greatly  reduced  and  the  lateral  edge  sutures  with  the  lat- 
eral ethmoid. 

The  parasphenoid  (Fig.  2;  ps)  extends  from  the  basioccip- 
ital  to  the  vomer,  separates  the  lateral  ethmoids  anteriorly, 
and  underlies  the  orbitosphenoid  posteriorly  at  the  midline. 
In  H.  plecostomus  the  parasphenoid  forms  a tall  median  ridge 
anteriorly,  which  is  the  site  of  origin  for  the  adductor  hyo- 
mandibula.  Posteriorly,  the  bone  shares  a large  suture  with 
the  basioccipital  and  a pair  of  small  lateral  wings  that  suture 
to  the  prootic  just  anterior  to  the  compound  trigeminofacial 
and  optic  foramen  (Fig.  3;  ftf+fop). 

The  orbitosphenoid  bone  (Figs.  2,  3;  os)  is  concave  ven- 
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trally,  with  distinct  lateral  ridges  typical  of  other  catfishes. 
There  is  a small  posterior  suture  with  the  prootic  and  a large 
suture  anteriorly  with  the  lateral  ethmoid. 

In  loricariids,  unlike  the  primitive  situation  in  Diplomystes 
and  other  catfishes,  the  paired  prootic  bones  (Fig.  2;  pr)  con- 
tribute greatly  to  the  ventral  floor  of  the  cranium.  They  form 
the  floor  of  the  trigeminofacial  and  optic  foramina  (Fig.  3; 
ftf+fop),  which  are  consolidated  in  loricariids  and  not  sep- 
arate as  in  some  ictalurids  (Lundberg,  1982),  and  contribute 
to  the  side  wall  of  the  braincase  posterior  to  the  compound 
foramen.  There  are  two  large  foramina  at  the  anterolateral 
margin  of  the  bone  (Fig.  2;  prf).  These  foramina  are  absent 
in  astroblepids  and  trichomycterids.  There  is  a single  large 
foramen  in  callichthyids.  It  is  unlikely  that  these  foramina 
in  loricariids  are  homologous  with  the  “auditory  foramen” 
of  some  characids  (Weitzman,  1962)  and  recent  clupeo- 
morphs  (Fink  and  Fink,  1981)  since  they  are  not  associated 
with  any  of  the  otolith  capsules.  Approximately  midway  be- 
tween the  facet  for  the  hyomandibula  and  the  most  posterior 
foramen,  there  is  a single  foramen  for  the  truncus  hyoman- 
dibularis  branch  of  the  facial  nerve  (Fig.  2;  VII).  Posteriorly, 
the  prootic  sutures  with  the  basioccipital  and  shares  syn- 
chondral  joints  with  the  exoccipital  and  pterotic. 

In  H.  plecostomus.  the  basioccipital  (Fig.  2;  bo)  is  strongly 
sutured  with  the  parasphenoid  anteriorly  and  with  the  proot- 
ics  laterally.  Lundberg  (1982:39)  regarded  the  absence  of  a 
basioccipital  suture  to  the  prootic  as  the  primitive  siluroid 
condition.  In  astroblepids,  callichthyids,  and  trichomycter- 
ids, the  joint  is  synchondral.  In  one  specimen  of  Tricho- 
myctems  sp.  (FMNH  96618),  superficial  laminar  bone  ex- 
tends across  the  joint,  contrary  to  the  presumably  primitive 
condition  present  in  other  loricarioids.  A single  pit  is  situated 
on  the  midline  at  the  posterior  aspect  of  the  bone.  This  pit 
is  absent  in  other  loricariids. 

The  paired  exoccipitals  (Fig.  2;  ex)  share  synchondral  joints 
with  the  basioccipital,  prootic,  and  pterotic.  The  bone  is 
confined  to  the  ventral  portion  of  the  braincase  and  does  not 
contribute  substantially  to  the  posterior  wall  as  in  more  prim- 
itive catfishes  (Lundberg,  1970,  1982).  The  exoccipital  is 
fused  ventrally  with  the  mesial  portion  of  the  ossified  Bau- 
delot’s  ligament  (Fink  and  Fink,  1981;  ossified  transcapular 
ligament  of  Lundberg,  1982)  to  form  a vertical  wall  of  bone 
(Figs.  2,  3;  bl)  that  extends  from  the  basioccipital  lateral  to 
the  socket  on  the  ventral  face  of  the  pterotic  for  the  dorsal 
process  of  the  cleithrum  (Fig.  2;  cn).  This  shelf  of  bone  meets 
the  dorsal  extension  of  the  vertical  lamina  of  the  cleithrum 
for  most  of  its  length. 

In  H.  plecostomus,  the  epioccipital  is  relatively  large  com- 
pared to  that  in  astroblepids  and  callichthyids,  forms  the 
major  portion  of  the  posterior  wall  of  the  neurocranium,  and 
shares  a synchondral  joint  with  the  basioccipital,  pterotic, 
and  neural  arch  of  the  complex  vertebrae.  The  Weberian 
capsule  is  closely  appressed  onto  its  posterior  face. 

The  pterosphenoid  (Fig.  3;  pts)  is  rectangular,  relatively 
straight,  and  forms  a major  portion  of  the  lateral  wall  of  the 
neurocranium.  It  comprises  the  median  face  of  the  orbit, 
along  with  the  sphenotic,  prootic,  and  orbitosphenoid. 

The  sphenotic  (Figs.  3,  4;  sp)  is  roughly  square  in  dorsal 


profile,  with  a prominent  lateral  spine  typical  of  catfishes  in 
general.  In  loricariids  the  sphenotic  bears  the  infraorbital 
branch  of  the  temporal  sensory  canal  (Fig.  4;  ioc)  as  in  nearly 
all  non-ictalurid  catfishes  (Lundberg,  1982;  Grande,  1987). 
The  sphenotic  in  loricariids  comprises  the  posteromedial 
margin  of  the  orbit  and  bears  odontodes  on  its  dorsal  surface. 

Considerable  debate  exists  in  the  literature  as  to  the  ho- 
mology of  the  bones  supporting  the  pectoral  girdle  at  the 
temporal  region  of  the  skull  in  catfishes  (Lundberg,  1975; 
Fink  and  Fink,  1981).  According  to  Fink  and  Fink  (1981), 
the  primitive  siluroid  condition,  as  found  in  Diplomystes,  is 
one  where  the  supracleithrum,  Baudelot’s  ligament,  and  pos- 
sibly the  posttemporal  are  consolidated,  and  the  plate-like 
bone  on  the  dorsolateral  region  of  the  skull  roof  is  the  ex- 
trascapular. Lundberg  (1975,  1982)  considered  the  plate-like 
bone  to  be  homologous  with  the  posttemporal,  the  supra- 
cleithrum as  the  single  element  between  the  cleithrum  and 
the  pterotic,  and  the  posttemporal  to  have  been  lost  in  var- 
ious catfish  groups  including  callichthyids,  astroblepids,  and 
loricariids.  In  loricariids,  the  ossified  Baudelot’s  ligament  and 
supracleithrum  are  fused  to  the  ventromesial  face  of  the  pte- 
rotic. The  possibility  remains  that  the  posttemporal  may  also 
be  incorporated  into  this  complex  of  bone  fusions.  The  an- 
terior union  of  the  supracleithrum  with  the  pterotic  forms  a 
notch  (Fig.  2;  cn)  which  accepts  the  dorsal  ramus  of  the 
cleithrum  (Schaefer,  1984).  In  loricariids,  the  pterotic-su- 
pracleithrum  is  greatly  expanded  laterally,  comprising  the 
major  lateral  portion  of  the  head.  No  sutures  are  visible  that 
might  identify  these  primitively  separate  elements.  The  pte- 
rotic-supracleithrum  (Fig.  2;  pt-sc)  forms  the  lateral  wall  of 
the  Weberian  capsule,  which  is  round  in  cross  section  (Fig. 
3;  wc).  The  entire  bone  is  very  cancellous,  with  numerous 
canals  passing  to  the  external  surface. 

The  supraoccipital  in  loricariids  is  relatively  large  and,  in 
several  species  of  Hypostomus,  is  developed  into  one  or  more 
large  bony  protuberances  on  the  posterior  midline.  The  dor- 
sal surface  is  covered  with  odontodes.  The  posterior  process 
typical  of  more  primitive  catfishes  (Lundberg,  1 982)  is  greatly 
reduced  and  sutures  with  the  neural  arch  of  the  sixth  vertebra 
(Figs.  3,  9A;  nsV6).  The  supraoccipital  does  not  participate 
in  the  support  of  the  dorsal  fin  as  in  more  primitive  catfishes 
(Lundberg,  1970,  1982;  Grande,  1987). 

The  frontal  bones  of  H.  plecostomus  (Fig.  4;  f)  are  wide, 
yet  short  relative  to  the  anterior  prolongation  of  these  bones 
in  other  catfishes.  The  frontal  does  not  reach  the  orbit  in  H. 
plecostomus  as  it  does  in  several  other  loricariid  genera.  An- 
teriorly, the  frontal  forms  the  posterior  margin  of  the  nasal 
capsule.  There  is  a single  small  pore  on  the  midline  which 
is  the  common  pore  of  the  paired  parietal  branches.  In  adult 
loricariids,  there  are  no  open  cranial  fontanelles  which  are 
present  in  more  primitive  catfishes  (Lundberg,  1970,  1982). 

Infraorbital  Series  and  Latero-Sensory  Canals 

The  latero-sensory  canal  system  of  H.  plecostomus  is  similar 
to  the  generalized  siluroid  pattern  described  by  Taylor  (1969) 
and  Lundberg  (1970,  1975).  In  Diplomystes  the  lateral  line 
canal  enters  the  supracleithrum  and  passes  dorsally  into  the 
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Figure  4.  Infraorbital  series  and  portion  of  the  latero-sensory  system  of  H.  plecostomus,  left  side,  dorsolateral  view;  in  relation  to  portion 
of  the  dorsal  skull  roof  and  dermal  plates  of  the  lateral  cheek.  The  nostril  is  shown  in  outline  and  the  pathway  of  the  latero-sensory  canals  is 
depicted  by  light  stipple.  Scale  = 4.0  mm. 


pterotic,  where  it  gives  off  a short,  lateral  branch  and  the 
preopercular  branch  before  continuing  into  the  sphenotic. 
The  lateral  line  enters  the  pterotic-supracleithrum  just  an- 
terior to  the  expanded  rib  on  the  sixth  vertebra  and  posterior 
to  the  cleithrum.  The  canal  travels  anteriorly  and  mesially, 
where  it  gives  off  the  posterolateral,  preopercular,  and  tem- 
poral branches. 

The  posterolateral  branch  (Fig.  4;  pi)  is  long,  corresponding 
with  the  expanded  pterotic-supracleithrum,  and  terminates 
at  the  ventrolateral  margin  of  the  bone.  The  preopercular 
branch  (Fig.  4;  pope)  exits  the  pterotic  at  the  anterolateral 
margin  of  the  bone  and  enters  the  single,  plate-like  supra- 
preopercle  (Fig.  5A;  spop)  before  passing  into  the  preopercle 
(Fig.  5B;  pope).  Canal  segments  of  adjacent  elements  other 
than  cranial  bones  are  generally  separated  by  short  branches 
terminating  as  pores  to  the  skin  surface.  Primitively  in  cat- 
fishes,  the  preopercular  canal  gives  off  four  branches  as  it 
passes  into  the  mandible  (Schaefer,  1987).  In  Diplomystes 
the  most  dorsal  exit  is  over  the  opercle,  ventral  to  the  hyo- 
mandibular  condyle.  The  second  exit  is  located  between  the 
opercle  and  interopercle,  the  third  exit  is  over  the  inter- 
opercle,  and  the  fourth  exit  is  located  between  the  preopercle 
and  mandible.  Among  loricarioids,  the  preopercular  canal  is 


reduced  in  trichomycterids  and,  in  callichthyids,  the  canal 
has  three  pores  that  share  positional  homology  with  the  last 
three  exits  in  Diplomystes.  The  canal  exits  the  preopercle  at 
two  points  in  loricariids  and  astroblepids,  yet  does  not  enter 
the  mandible  in  either  taxa.  In  H.  plecostomus  the  canal  exits 
to  the  skin  surface:  ( 1 ) posterodorsally  between  dermal  plates 
of  the  cheek  just  anterior  to  the  opercle,  and  (2)  ventrally 
between  dermal  plates  of  the  lateral  margin  of  the  cheek.  The 
canal  then  enters  and  terminates  in  what  appears  to  be  a 
dermal  cheek  plate,  just  mesial  to  the  skin  pore. 

Anterior  to  the  preopercular  branch,  the  pterotic  canal 
passes  into  the  sphenotic  as  the  temporal  canal  at  the  pos- 
terior margin  of  the  bone  and  just  dorsal  to  the  pterotic  suture 
with  the  hyomandibula  (Fig.  4;  tc).  Here  the  canal  makes  an 
X-shaped  junction  with  the  infraorbital  and  supraorbital  ca- 
nals, forming  a parietal  branch  which  terminates  as  a skin 
pore  in  the  sphenotic  at  the  median  margin  with  the  supraoc- 
cipital. 

The  supraorbital  canal  enters  the  frontal  where  it  gives  rise 
to  the  epiphysial  branch.  The  canal  then  continues  into  a 
dermal  plate  along  the  mesial  rim  of  the  nostril,  terminating 
as  a skin  pore.  I regard  this  plate  (Fig.  4;  n)  as  homologous 
with  the  nasal  bone  of  other  siluroids,  contrary  to  Regan 
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(1904),  who  stated  that  nasal  bones  are  absent  in  loricariids. 
The  infraorbital  branch  exits  the  sphenotic  at  the  posterior 
margin  of  the  orbit  (Fig.  4;  ioc).  In  H.  plecostomus  and  the 
majority  of  loricariids  examined,  the  canal  travels  through 
six  separate  platelets,  three  of  which  border  the  orbit  (Fig.  4; 
iol-io6).  In  primitive  ostariophysans  the  infraorbital  ele- 
ments are  bony  plates  that  at  least  partially  cover  the  ad- 
ductor musculature  of  the  cheek  (Fink  and  Fink,  1981:315). 
These  elements  are  reduced  to  their  canal-bearing  portions 
in  primitive  siluroids  (Taylor,  1969).  The  expanded  nature 
of  the  infraorbitals  in  callichthyids  and  loricariids  is  regarded 
as  secondarily  derived  (Fink  and  Fink,  1981).  Lundberg  (1970: 
29)  stated  that  the  number  of  infraorbitals  among  catfishes 
varies  from  four  to  1 2 and,  more  recently  ( 1 982:40),  that  the 
primitive  number  of  infraorbitals  for  siluroids  is  five,  assum- 
ing that  the  dermosphenotic  has  fused  with  the  autosphen- 
otic.  There  are  5-6  separate  infraorbital  canal-bearing  plates 
among  loricariids.  It  is  uncertain  whether  the  first  infraorbital 
in  loricariids  is  homologous  with  the  lachrimal  plus  antor- 
bital  of  other  catfishes  (Lundberg,  1970:30),  since  this  ele- 
ment lacks  anterior  or  posterior  processes  characteristic  of  a 
siluroid  lachrimal-antorbital. 

Suspensorium  and  Mandibular  Arch 

The  suspensorium  of  loricariids  is  comprised  of  hyoman- 
dibular,  preopercular,  quadrate,  and  metapterygoid  bones. 
The  palatine  element,  upper,  and  lower  jaws  will  also  be 
described  here.  Loricariids  have  lost  the  ecto-,  endo-,  and 
mesopterygoid  bones,  which  are  variably  present  in  other 
siluroids  (see  Tilak,  1963,  1965;  Lundberg,  1970,  1982;  Bas- 
kin, 1972;  Jayaram  and  Singh,  1984;  Srinivasa  Rao  and 
Lakshmi,  1984;  Howes,  1985;  Grande,  1987). 

Homology  of  the  pterygoid  series  in  siluroids  is  problem- 
atic. Various  groups  have  lost  one  or  more  elements  and  the 
remaining  bones  vary  greatly  in  shape.  The  ectopterygoid  is 
reduced  in  siluroids  (Fink  and  Fink,  1981).  In  Diplomystes 
the  mesopterygoid  is  reduced  to  a small  plate  posterior  to 
the  palatine.  In  loricariids  there  is  a single  element  between 
the  hyomandibula  and  the  palatine.  The  shape  of  this  element 
conforms  to  the  primitive  condition  described  for  the  en- 
dochondral portion  of  the  metapterygoid  by  Fink  and  Fink 
(1981).  The  bone  is  roughly  triangular  and,  in  loricariids  and 
astroblepids,  sutures  with  the  hyomandibula  posteriorly  and 
the  quadrate  ventrally.  Howes  (1985:59)  stated  that  work  in 
progress  on  an  ontogenetic  series  of  Corydoras  (Callichthyi- 
dae)  suggests  that  the  hyomandibula  and  metapterygoid  de- 
velop from  a single  endochondral  “anlage”  and  therefore  the 
anterodorsal  extension  of  the  hyomandibula  is  actually  the 
compound  hyomandibula  plus  metapterygoid  (e.g.,  Arratia 
and  Menu  Marque,  1 984).  However,  the  possibility  that  these 
bones  may  develop  from  the  same  endochondral  center  is 
insufficient  evidence  alone  to  support  this  homology.  This  is 
especially  true  for  loricariids  which,  under  Howes’  hypoth- 
esis, would  have  the  hyomandibula  and  metapterygoid  fused 
and  the  mesopterygoid  expanded  in  the  same  position,  rel- 
ative to  the  hyomandibula  and  quadrate,  as  the  metaptery- 
goid in  Diplomystes  and  other  ostariophysans.  Primitively, 
the  anterior  margin  of  the  hyomandibula  in  ostariophysans 


is  short  relative  to  that  in  loricariids,  astroblepids,  tricho- 
mycterids,  and  other  unrelated  catfishes  including  Diplo- 
mystes. The  anterior  expansion  of  the  hyomandibula  in  H. 
plecostomus  and  the  majority  of  loricariids  bears  a strong 
lateral  ridge  which  is  the  origin  of  the  mesial  subdivisions  of 
the  adductor  mandibulae  and  the  insertion  site  of  the  levator 
arcus  palatini.  It  is  unclear  whether  the  presence  of  an  an- 
terior expansion  of  the  hyomandibula  is  primitive  or  derived 
for  siluroids. 

The  hyomandibula  (Fig.  5A,  B;  hy)  is  the  largest  single 
component  of  the  loricariid  suspensorium,  roughly  quadri- 
lateral in  general  outline.  At  the  posterodorsal  corner,  the 
cranial  articulation  is  synchondral  to  the  pterotic-supra- 
cleithrum  and  the  prootic  and  is  short  relative  to  that  of  more 
primitive  catfishes.  Anterior  to  this  synchrondral  joint,  a 
dorsal  process  of  the  hyomandibula  contacts  the  prootic.  The 
posterior  margin  of  the  hyomandibula  sutures  with  the  pte- 
rotic-supracleithrum.  The  length  of  this  suture  varies  among 
loricariid  genera  and,  in  H.  plecostomus,  is  approximately 
one-fourth  the  length  of  the  posterior  margin.  The  dorsal 
margin  of  the  hyomandibula  is  free  anterior  to  the  dorsal 
contact  with  the  prootic.  The  anterior  margin  is  sutured  to 
the  metapterygoid,  while  the  ventral  margin  is  sutured  to  and 
partially  overlain  by  the  preopercle.  The  posterolateral  mar- 
gin is  slightly  elevated  and  serves  as  the  origin  of  the  major 
portion  of  the  adductor  mandibulae.  There  is  a prominent, 
t-shaped  levator  arcus  palatini  crest  on  the  lateral  surface  of 
the  hyomandibula  (Fig.  5A;  ape)  which  extends  from  the 
mandibularis  foramen  nearly  to  the  metapterygoid  suture. 
The  facial  nerve  enters  the  hyomandibula  at  a dorsal  foramen 
(outer  foramen  of  Lundberg,  1982)  which,  in//,  plecostomus, 
is  a long  groove  on  the  mesial  face  of  the  hyomandibula  just 
ventral  to  the  dorsal  articulation  and  anterior  to  the  posterior 
suture  (Fig.  5B;  md).  The  nerve  exits  the  hyomandibula  at 
the  mandibularis  foramen  situated  at  the  junction  of  the  arcus 
palatini  and  adductor  crests  (Fig.  5A;  mn).  The  posterior 
margin  of  the  hyomandibula  is  relatively  straight  and  extends 
ventrally  to  the  cartilaginous  condyle  for  articulation  with 
the  opercle.  The  anteroventral  corner  of  the  hyomandibula 
extends  anteriorly  as  a ridge  mesial  to  the  preopercle  and 
sutures  with  the  quadrate.  This  quadrate  suture  is  variably 
present  in  larger  specimens  of  several  loricariid  genera. 

The  preopercle  (Fig.  5;  pop)  shares  a long  suture  with  the 
hyomandibula  that  extends  from  the  mandibularis  foramen, 
across  the  symplectic  cartilage  (Lundberg,  1970),  to  the  mid- 
dle portion  of  the  quadrate.  The  preopercular  branch  of  the 
latero-sensory  canal  system  enters  the  preopercle  just  below 
the  mandibularis  foramen  and  exits  on  the  ventral  margin 
of  the  bone. 

The  metapterygoid  (Fig.  5A;  mpt)  is  triangular  in  outline. 
Ventrally,  it  sutures  to  the  hyomandibula  and  quadrate  which 
are  separated  by  a large,  square  cartilage  mass.  The  anterior 
margin  is  thick,  reflected  mesially  and  supports  the  connec- 
tive tissue  sheet  (Howes,  1983;  Schaefer  and  Lauder,  1986) 
that  extends  anteriorly  to  the  dentary,  palatine,  and  pre- 
maxilla. The  dorsal  margin  of  the  metapterygoid  is  special- 
ized in  loricariids  as  a pterygoid  channel  (Fig.  5A;  ptc)  that 
partially  encloses  the  ventral  subdivision  of  the  extensor  ten- 
taculi  muscle  (Howes,  1983:328).  The  mesial  face  of  the 
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Figure  5.  Suspensorium,  opercle,  interhyal,  and  mandibular  arch  of  H.  plecostomus.  A.  Right  side,  lateral  view;  B.  Left  side,  mesial  view, 
slightly  ventral,  in  relation  to  the  neurocranium.  Portions  of  the  dermal  cheek  plates  anterior  to  the  ventral  aspect  of  the  opercle  are  shown 
in  light  outline.  Scale  = 3.5  mm. 
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Figure  6.  Upper  jaw  and  representative  tooth  of  H.  plecostomus. 
A.  Right  premaxilla,  ventral  view;  B.  Right  premaxilla,  dorsal  view; 
C.  Representative  tooth  from  right  premaxilla  of  Hypostomus  sp. 
(FMNH  95560);  D.  Same  tooth,  dorsal  view.  Scale  A,  B = 1.5  mm, 
C = 0.75  mm.  D = 0.25  mm. 


metapterygoid  lies  in  a single  plane,  with  the  lateral  wall  of 
the  channel  arising  at  an  approximate  45  degree  angle.  The 
morphology  of  the  pterygoid  channel,  in  particular  the  shape 
of  the  lateral  wall,  is  variable  among  loricariid  genera.  In 
Hypostomus,  Pterygoplichthys,  and  several  other  genera,  the 
channel  is  incomplete,  extending  as  a low  ridge  posteriorly 
and  as  a tall  lateral  wall  situated  toward  the  anterior  portion 
of  the  metapterygoid.  The  dorsal  margin  of  the  metaptery- 
goid bears  a concave  facet  at  the  posterior  corner  for  artic- 
ulation with  the  ventral  condyle  of  the  lateral  ethmoid  (Fig. 
5A;  mptf).  The  dorsal  metapterygoid  margin  makes  an  ad- 
ditional contact  with  the  lateral  ethmoid  anterior  to  this  con- 
dyle and  just  posterior  to  the  palatine. 

The  quadrate  (Fig.  5A,  B;  q)  of  H.  plecostomus  has  the 
triangular  shape  of  most  catfishes  (Lundberg,  1982;  Grande, 
1987).  It  has  a long  suture  to  the  metapterygoid  and  pre- 
opercle  and  a small  suture  to  the  hyomandibula.  The  shape 
of  the  mandibular  condyle  is  highly  variable  among  loricariid 
genera  and,  in  H.  plecostomus.  the  condyle  is  relatively  small 
and  extends  beyond  the  anterior  margin  of  the  metaptery- 
goid. 

The  palatine  bone  (Fig.  5A;  pal)  in  loricariids  is  robust, 
with  the  elongate  process  posterior  to  the  lateral  ethmoid 
condyle,  typical  of  more  primitive  catfishes  (Lundberg,  1 982; 
Grande,  1987),  extremely  reduced  to  short  processes  that 
serve  as  the  insertion  for  the  extensor  muscles.  In  H.  plecosto- 
mus the  condyle  is  large  and  roughly  circular.  The  shape  of 
the  palatine  broadens  anteriorly  and  terminates  abruptly  as 
a hemispherical  block  of  cartilage  which  permits  articulation 
of  the  palatine  with  the  maxilla.  In  H.  plecostomus  and  the 
majority  of  loricariids,  a thin,  elongate  ossified  splint  (Fig. 
5A;  pals)  extends  from  the  palatine  cartilage,  lateral  to  the 
palatine,  to  the  ventral  face  of  the  lateral  ethmoid  at  the  nasal 
capsule. 

The  homology  of  the  palatine  splint  in  loricariids  is  prob- 
lematic. In  loricariids  the  splint  is  associated  with  the  con- 
nective tissue  at  the  lateral  edge  of  the  palatine.  The  slightly 
expanded  anterior  head  is  located  lateral  to  the  palato-max- 
illary  cartilage  joint.  In  Astroblepus  this  element  is  short  and 
thick,  and  associated  with  connective  tissue  lateral  to  the 
palatine  at  the  terminus  of  the  nasal  canal.  In  Trichomycterus 
the  nasal  canal  is  unossified,  yet  the  palatal  splint  element 
bears  a distinct  canal  that  extends  (unossified)  posteriorly  for 
a short  distance.  A thick  posterior  splint  is  present  in  addition 
to  the  canal-bearing  splint.  The  canal-bearing  element  ap- 
pears to  be  homologous  with  the  lachrimal  (first  infraorbital) 
of  other  catfishes.  Lundberg  ( 1 970:30)  regarded  the  lachrimal 
as  fused  with  the  antorbital  in  catfishes.  In  the  majority  of 
catfishes  the  lachrimal  is  trifurcate  and  bears  a portion  of  the 
infraorbital  canal,  but  in  Diplomystes,  the  posterodorsal  pro- 
cess is  reduced  or  absent.  In  trichomycterids  the  infraorbital 
canal  is  incomplete  and  does  not  extend  past  the  orbit.  The 
canal-bearing  palatal  element  is  probably  homologous  with 
the  lachrimal.  The  secondary  posterior  splint  of  trichomyc- 
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Figure  7.  Right  mandible  of  H.  plecostomus.  A.  Ventral  view;  B.  Anterior  view;  C.  Medial  view;  D.  Posterior  view;  E.  Dorsal  view. 
Scale  = 1.5  mm. 


terids  is  distinct  and  not  connected  to  the  lachrimal,  although 
both  elements  are  associated  with  the  same  connective  tissue 
sheet.  In  callichthyids  the  nasal  canal  is  ossified  and  lies 
within  the  nasal  capsule,  yet  there  is  no  lachrimal  nor  palatine 
splint.  The  infraorbital  canal  of  astroblepids  does  not  extend 
dorsally  to  approach  the  palatine  splint,  which  does  not  bear 
a canal.  Therefore,  it  is  unlikely  that  the  palatal  splint  of 
astroblepids  and  loricariids  is  homologous  with  the  lachrimal 
plus  antorbital  of  other  catfishes.  I conclude  that  the  lach- 
rimal was  lost  in  callichthyids,  astroblepids,  and  loricariids, 
and  that  the  palatine  splint  represents  a sesamoid  ossification. 

The  maxilla  (Fig.  5A,  B;  mx)  in  loricariids  is  relatively 
broad  and  thick.  There  is  a pair  of  condyles  that  project 
mesially  and  articulate  with  the  palatine  cartilage.  In  H.  ple- 
costomus the  shaft  of  the  maxilla  is  straight  relative  to  that 
of  some  other  loricariids  (e.g..  Panague,  Dolichancistrus). 

The  premaxillae  (Figs.  5,  pmx;  6 A,  B)  in  loricariids,  as- 


troblepids, and  callichthyids  are  not  tightly  bound  to  the 
lateral  cornua  of  the  mesethmoid  as  in  most  other  catfishes, 
and  thus  are  highly  mobile  (Howes,  1983;  Schaefer  and  Lau- 
der, 1986).  Premaxilla  shape  variability  among  loricariid 
genera  is  pronounced.  In  H.  plecostomus  the  premaxillae  are 
broadly  triangular,  with  dorsal  and  posterior  condyles  for 
articulation  with  the  palatine  cartilage  and  dorsal  and  ventral 
ridges  for  insertion  of  the  adductor  muscles.  Anteriorly,  the 
premaxilla  is  distinctly  cup-shaped  and  contains  several  se- 
ries of  replacement  teeth.  In  the  specimens  of  H.  plecostomus 
examained  here  there  are  25-29  teeth  in  the  emergent  row. 
Boeseman  (1968:34)  reported  an  average  of  25  teeth  in  both 
jaws  for  the  coastal  Surinam  specimens  of  H.  plecostomus. 
Reported  tooth  counts  of  the  emergent  row,  however,  can  be 
highly  unreliable.  Emergent  teeth  are  easily  lost  and  their 
replacements  often  emerge  adjacent  to  the  intact  tooth. 

The  mandibles  of  catfishes  are  comprised  of  the  dentary 
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(Fig.  5;  d)  and  anguloarticular  bones  (Fig.  5;  aa).  In  primitive 
catfishes,  the  dentary  is  usually  shallow  and  broad  at  the 
anguloarticular  joint  where  it  is  expanded  to  form  the  cor- 
onoid  process  for  insertion  of  the  adductor  muscles  (Fig.  7). 
In  astroblepids  and  loricariids,  the  right  and  left  mandibles 
are  not  tightly  associated  at  the  midline  as  in  all  other  cat- 
fishes  (Schaefer  and  Lauder,  1986).  The  mandibles  (Figs.  5, 
7)  are  reflected  medially  about  the  long  axis  in  loricariids 
and  do  not  extend  anteriorly.  The  shape  of  the  coronoid 
process  is  greatly  modified  over  the  primitive  siluroid  con- 
dition (e.g.,  Lundberg,  1982,  fig.  22),  robust  and  concave 
posteriorly.  The  dentary  is  club-shaped  anteriorly  and  formed 
into  a cup  housing  the  tooth  rows,  similar  to  that  of  the 
premaxillae.  There  is  a long  posteroventral  lamina  of  bone 
which  overlies  the  posterior  face  of  the  anguloarticular.  The 
anguloarticular  is  roughly  triangular  and  L-shaped  in  cross 
section.  The  anterior  face  is  flat  and  makes  a large  suture 
with  the  dentary.  A large  block  of  cartilage  is  situated  pos- 
teroventrally  between  these  bones. 

At  present,  there  is  no  available  information  on  the  ultra- 
structure, composition,  functional  or  developmental  biology 
of  teeth  in  loricariids.  The  teeth  are  greatly  modified  and 
have  identical  shapes  in  both  jaws  in  the  majority  of  the 
hypostomine  and  ancistrine  genera.  However,  variability  in 
tooth  number  and  cusp  morphology  is  enormous  among  lor- 
icariid  genera.  In  general,  an  individual  tooth  is  distinctly 
Z-shaped  (Fig.  6C)  and  laterally  compressed.  In  H.  plecosto- 
mus,  the  cusp  is  bifid  with  a large,  rectangular  major  cusp, 
and  a small,  triangular  minor  cusp  (Fig.  6D).  The  shapes  of 
the  major  cusp  of  unworn  teeth  vary  greatly  among  loricariid 
genera.  The  teeth  are  rooted  deep  inside  the  cup  and  are 
moveably  attached  to  the  basement  bone  via  connective  tis- 
sue. Teeth  in  the  replacement  rows  are  oriented  at  90  degrees 
relative  to  the  emergent  teeth  and  those  in  the  more  posterior 
rows  are  progressively  less  well  developed.  There  are  ap- 
proximately 20  rows  of  replacement  teeth  in  the  dentary  of 
Hypostomus  sp.  (FMNH  95560). 

Opercular  Series 

The  opercle  exhibits  a great  degree  of  shape  variability  among 
loricariids.  In  H.  plecostomiis,  the  opercle  (Fig.  5;  op)  is  broadly 
triangular  as  in  primitive  catfishes  (Lundberg,  1982:48)  and 
Astwblepiis.  The  opercular  condyle  for  articulation  with  the 
hyomandibula  is  situated  dorsally  rather  than  anteriorly  as 
in  Diplomystes  and  most  other  catfishes.  The  mesial  surface 
bears  a strong  horizontal  ridge  for  insertion  of  the  levator 
operculi  muscle.  Loricariids  and  astroblepids  have  appar- 
ently lost  the  interopercle  and  the  interoperculomandibular 
ligament,  invariably  present  in  all  other  siluroids  (Schaefer, 
1987). 

Hyoid  and  Branchial  Arches 

The  hyoid  arch  of  H.  plecostomiis  consists  of  paired  interhyal, 
posterohyal,  anterohyal,  branchiostegals,  and  hypohyal  bones, 
along  with  the  unpaired  urohyal.  Primitively  in  teleosts,  the 
hypohyal  bones  consist  of  paired  dorsal  and  ventral  elements. 
Both  elements  are  present  in  Diplomystes,  whereas  various 


catfishes,  including  trichomycterids,  astroblepids,  and  lori- 
cariids, have  lost  the  dorsal  element. 

The  interhyal  (Fig.  5B;  ih)  of  loricariids  is  reduced  to  a 
small  rectangular  splint  and  is  tightly  associated  with  the 
mesial  face  of  the  hyomandibula  near  its  suture  with  the 
preopercle. 

The  posterohyal  element  (Fig.  8A,  C;  ph)  is  broadly  tri- 
angular and  V-shaped  in  cross  section.  It  has  both  sutural 
and  synchrondral  articulations  with  the  anterohyal.  Only  the 
head  of  the  first  branchiostegal  ray  is  associated  with  the 
posterohyal;  the  remaining  three  are  supported  by  the  skin 
of  the  branchiostegal  membrane.  The  lateral  aspect  of  the 
bone  bears  a slightly  raised  ridge  and  condyle  for  articulation 
with  the  suspensorium.  The  ventroposterior  margin  bears  a 
small  process  for  attachment  of  the  mandibulohyoid  liga- 
ment. 

The  anterohyal  bones  (Fig.  8A,  C;  ah)  are  greatly  expanded 
anteriorly  in  loricariids.  The  anterodorsal  margin  is  flat  and 
bears  a large  round  foramen  (Fig.  8A,  C;  fma)  for  passage  of 
the  afferent  mandibular  artery  (Bertmar,  1962;  Nelson,  1967). 
The  junction  with  the  hypohyal  is  largely  or  entirely  syn- 
chondral  in  H.  plecostomiis.  The  ventral  surface  is  also  greatly 
expanded  posteriorly.  The  expansion  of  the  anterior  and  ven- 
tral surfaces  creates  a deep  trough  from  which  originate  the 
large  hyohyoideus  and  geniohyoideus  muscles  (Schaefer  and 
Lauder,  1986). 

The  hypohyal  elements  (Fig.  8A,  C;  hh)  correspond  with 
the  ventral  element  present  in  primitive  ostariophysans 
(Weitzman,  1962;  Baskin,  1972;  Lundberg,  1982)  and  Dip- 
lomystes. In  H.  plecostomiis  the  bone  bears  a large  dorsal 
fossa  which  accepts  an  anterior  process  of  the  urohyal. 

Four  branchiostegal  rays  are  present  in  the  majority  of 
loricariids  (Fig.  8A,  C;  br).  The  branchial  arches  consist  of 
the  basibranchials,  hypobranchials,  ceratobranchials,  epi- 
branchials,  infrapharyngobranchials,  and  upper  pharyngeal 
tooth  plates.  In  the  majority  of  loricariids,  the  gill  rakers 
typical  of  other  catfishes  (Lundberg,  1970,  1982)  are  replaced 
by  single  rows  of  fine,  comb-shaped  epithelial  tissue  on  the 
oral  surface  of  arches  one  through  five,  in  addition  to  a row 
anterior  to  the  first  arch  (Gosline,  1947). 

The  urohyal  element  (Fig.  8A,  C;  uh)  is  a large,  wing- 
shaped bone  on  the  ventral  midline  of  the  hyoid  arch.  It 
bears  a large,  Y-shaped  ridge  on  the  dorsal  surface  onto  which 
insert  the  anterior  fibers  of  the  stemohyoideus  muscle,  and 
a pair  of  anterior  processes  which  articulate  with  the  paired 
hypohyals. 

Three  basibranchial  elements  are  present  in  the  gill  arches 
of  loricariids.  The  majority  of  the  Loricariinae  and  some 
Ancistrinae  have  the  first  two  basibranchials  ossified.  In  the 
remainder  of  loricariids  including  H.  plecostomus,  only  the 
first  element  is  ossified  (Fig.  8C;  bb). 

Five  pairs  of  hypobranchial  elements  are  present  in  lori- 
cariids. Only  the  first  pair,  associated  with  the  first  cerato- 
branchials, is  ossified  in  loricariids  (Fig.  8C;  hb).  In  H.  pie- 
cost  omiis,  the  ossified  element  is  short  and  compact,  but  in 
some  species  of  Hypostomus  (e.g.,  H.  madierae,  H.  emar- 
ginatiis),  the  hypobranchials  are  elongate  and  slender. 

All  five  pairs  of  ceratobranchials  are  ossified  in  loricariids 
(Fig.  8C;  cb).  The  fifth  pair  is  expanded  to  form  the  lower 
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Figure  8.  Hyoid  and  branchial  arches  of  H.  plecostomus.  A.  Hyoid,  left  side,  ventral  view,  anterior  toward  bottom;  B.  Upper  epibranchial 
elements,  dorsal  view,  anterior  toward  top.  Upper  tooth  plates  are  reflected  slightly  posteriorly;  C.  Lower  gill  arch  and  hyoid  elements  in 
dorsal  view,  anterior  toward  bottom.  Left  side  is  incomplete,  epibranchial  elements  removed.  Scale  = 1.0  mm. 
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Figure  9.  Anterior  vertebral  centra  of  H.  plecostomus.  right  side,  lateral  view.  A.  Centra  6-10  in  relation  to  the  anterior  dorsal  fin  supports 
and  posterior  neurocranium;  B.  Centra  10-18.  Scale  = 5.0  mm. 


pharyngeal  tooth  plates.  In  H.  plecostomus,  these  bear  nu- 
merous small  teeth  on  the  dorsomesial  edge  and  support  a 
row  of  modified  gill  rakers  on  the  dorsal  surface.  The  first 
ceratobranchials  possess  a large  accessory  flange  of  bone  (Fig. 
8C;  afcb),  which  projects  posterolaterally  from  the  antero- 
lateral margin  and  is  slightly  expanded  distally.  The  accessory 
flange  is  unique  to  loricariids  among  siluroids  and  supports 
the  first  row  of  modified  gill  rakers  on  its  posterior  face, 
anterior  to  the  first  ceratobranchial. 

The  epibranchials  of  the  first  four  arches  are  ossified  and 
bear  distinct  lateral  ridges  supporting  the  gill  filaments  (Fig. 
8B;  eb).  The  first  epibranchial  bears  an  anterior  accessory 


flange  (Fig.  8B;  afeb),  which  supports  the  first  row  of  modified 
gill  rakers,  and  a posterior  process  which  contacts  an  anterior 
process  on  the  second  epibranchial.  The  accessory  flange  on 
the  first  epibranchial  is  present  among  all  members  of  the 
Hypostominae  and  most  Ancistrinae.  A similar  flange  is  pres- 
ent in  some  species  of  Otocinclus  (Hypoptopomatinae),  al- 
though of  different  morphology  and  orientation.  The  third 
epibranchial  bears  a small  dorsolateral  process  and  the  pos- 
terior margin  of  the  fourth  is  slightly  expanded  dorsally  in 
H.  plecostomus. 

There  are  two  pairs  of  infrapharyngobranchials  in  loricar- 
iids and  the  majority  of  siluroids,  although  four  pairs  are 
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Figure  10.  Caudal  skeleton  of  H.  plecostomus,  right  side,  lateral  view,  including  the  last  two  pre-ural  centra,  procurrent  rays,  and  proximal 
portions  of  the  principal  rays.  Scale  = 4.0  mm. 


present  in  Diplomystes.  The  infrapharyngobranchial  of  the 
third  arch  is  a slender  rod-shaped  element,  while  that  of  the 
fourth  is  compact  and  roughly  square  in  outline  (Fig.  8B;  ib). 

The  upper  pharyngeal  tooth  plates  (Fig.  8B;  upj)  are  rough- 
ly triangular  in  outline.  The  bone  bears  an  expanded  pos- 
teroventral  condyle  and  many  small  teeth.  In  H.  plecostomus, 
the  dorsal  portion  of  the  bone  is  cancellous. 

Weberian  Apparatus  and  Axial  Skeleton 

The  Weberian  apparatus  of  siluroids  has  received  a great 
deal  of  attention  (Tilak,  1963,  1965;  Alexander,  1964,  1965; 
Chardon,  1968).  The  apparatus  in  the  loricarioids  is  greatly 
specialized  over  the  primitive  siluroid  condition.  In  the  lor- 
icarioids, the  swimbladder  is  encapsulated  by  lateral  expan- 
sion of  the  transverse  process  of  the  Weberian-complex  ver- 


tebrae, which  incorporates  centra  one  through  five.  Centra 
two  through  four  are  incorporated  into  the  Weberian  appa- 
ratus. In  Diplomystes  and  most  catfishes,  the  first  centrum  is 
separate  from  both  the  basioccipital  and  the  Weberian  com- 
plex centra  2-4.  Centrum  five  is  also  separate  in  Diplomystes 
and  other  otophysans  (Grande,  1987),  but  incorporated  into 
the  complex  centra  in  all  other  catfishes  (Alexander,  1964; 
Chardon,  1968;  Lundberg,  1970,  1982;  Baskin,  1972;  Grande, 
1987). 

The  swimbladder  capsule  is  at  least  partially  open  laterally 
in  trichomycterids  (Baskin,  1972)  and  Scoloplax,  and  only 
partially  covered  by  a posterior  process  of  the  fused  pterotic- 
supracleithrum  in  callichthyids.  In  astroblepids  and  most 
loricariids,  the  capsule  opening  is  completely  covered  by  the 
pterotic-supracleithrum.  The  Weberian  apparatus  of  various 
loricariids  was  treated  in  Reissner  (1859),  Bridge  and  Had- 
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Figure  11.  Median  fins  of  H.  plecostomus,  right  side,  lateral  view.  A.  Anal-fin  rays  and  supports,  in  relation  to  the  hemal  spines;  B.  Dorsal 
fin  and  supports.  Scale  = 6.5  mm. 


don  (1894),  Alexander  (1964),  and  Chardon  (1968).  In  lor- 
icariids  the  capsule  (Fig.  3;  wc)  communicates  with  the  skin 
surface  via  the  porous  nature  of  the  pterotic-supracleithrum 
(posttemporal  of  Alexander,  1964:428,  fig.  5).  In  H.  pleco- 
stomus, these  pores  are  small  relative  to  those  of  Otocinclus 
and  other  hypoptopomatines.  There  is  no  pneumatic  duct. 
As  in  all  other  loricarioids,  the  swimbladder  vessel  is  re- 
stricted toward  the  mesial  portion  of  the  capsule.  Baskin 
(1972)  reported  the  loss  of  the  intercalarium,  claustrum,  and 
transformator  process  of  the  tripus  in  trichomycterids,  cal- 
lichthyids,  astroblepids,  and  loricariids.  Alexander  (1964:43 1) 
reported  the  absence  of  articular  and  ascending  processes  on 
the  scaphium  for  his  Plecostomus  (=Hypostomus).  The  tripus 
of  H.  plecostomus  is  slightly  angled  in  the  middle,  with  a 
posterior  arm  contacting  the  swimbladder,  and  an  anterior 
arm  joining  the  scaphium.  The  concave  scaphium  contacts 
the  sinus  impar.  The  ligament  joining  the  scaphium  with  the 


tripus  (ligaments  three  and  four  of  Alexander,  1964:431)  is 
ossified  in  H.  plecostomus. 

The  Weberian-complex  centrum  is  fused  to  the  basioccip- 
ital  anteriorly  and  sutured  to  the  sixth  centrum  posteriorly 
(Fig.  2;  cc).  Primitively  in  siluroids,  neural  and  hemal  spines 
and  parapophyses  are  fused  to  the  centrum  and  the  neural 
arches  of  centra  three  and  four  are  fused  to  each  other  and 
to  the  complex  centrum  (Fink  and  Fink,  1981:330).  In  lor- 
icariids this  fusion  also  includes  the  fifth  centrum.  In  H. 
plecostomus  these  fused  neural  arches  articulate  with  the  su- 
praoccipital  dorsally  and  the  epioccipital  anteriorly.  Ven- 
trally,  the  complex  centrum  bears  a pair  of  ventral  processes 
(Figs.  2,  3;  vpcc)  which  contact  the  swimbladder  capsule  via 
thin  vertical  splints.  A paired  extension  of  laminar  bone 
extends  posteriorly  across  the  complex  centrum  onto  the 
sixth  centrum  and  forms  the  lateral  walls  of  the  aortic  groove. 
This  posterior  extension  is  present  over  centra  five  and  six 
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in  several  catfish  groups  (Chardon,  1968;  Lundberg,  1970, 
1982;  Grande,  1987). 

The  sixth  centrum  bears  a tall  rectangular  neural  arch  which 
is  sutured  to  a median  ventral  lamina  of  the  supraoccipital 
(Figs.  3,  9A;  nsV6).  A pair  of  large  ribs  share  a double  ar- 
ticulation with  the  sixth  centrum  dorsally  on  the  neural  arch, 
and  ventrally  at  the  middle  portion  of  the  centrum  (Fig.  9A; 
af ).  Contrary  to  Baskin  (1972:185),  astroblepids  do  not  share 
with  loricariids  a double  articulation  of  the  sixth  rib  with  the 
centrum.  In  Astroblepus  the  articulation  is  direct  ventrally, 
but  indirect  dorsally  via  a strong  ligament.  The  dorsal  portion 
of  the  rib  is  not  elongate  medially  to  approach  the  centrum 
as  in  loricariids.  Similarly,  paratypes  of  Scoloplax  dicra 
(UMMZ  198967  cs)  possess  a single  articulation.  The  rib 
projects  ventrolaterally  to  support  the  dermal  plates.  The 
centrum  is  expanded  posteriorly  and  bears  a pair  of  wings 
which  articulate  with  a pair  of  wings  on  the  anterior  portion 
of  the  seventh  vertebra.  Transverse  processes  are  absent  from 
all  vertebrae  in  astroblepids  and  loricariids.  In  H.  plecosto- 
mus  the  seventh  vertebra  bears  an  expanded  anterior  buttress 
and  a pair  of  anterior  processes  which  project  dorsal  to  the 
sixth  vertebra  (Fig.  9A,  apV7). 

Total  pre-ural  vertebral  counts,  including  the  Weberian- 
complex  centra,  for  the  specimens  of  H.  plecostomus  ex- 
amined here  range  from  29  to  30,  while  counts  of  other 
species  of  Hypostomus  range  from  30  to  32.  In  general,  the 
vertebrae  are  strongly  ossified,  with  distally  expanded,  com- 
pressed neural  and  hemal  spines  which  meet  the  dorsal  and 
ventral  plates  of  the  skin  surface.  Most  non-bifid  vertebrae 
possess  paired  fossae  at  the  bases  of  the  neural  and  hemal 
spines.  Neural  spines  are  absent  from  centra  8-10  (Fig.  9 A), 
and  centrum  seven  has  a short  neural  spine  which  articulates 
with  the  pterygiophore  supporting  the  defensive  second  dor- 
sal-fin spine.  The  seventh  and  ninth  centra  are  firmly  sutured 
to  centrum  eight,  permitting  little  or  no  flexibility.  Neural 
arches  of  centra  11-18  are  bifid  and  extend  dorsally  to  the 
dermal  plates  on  either  sides  of  the  dorsal  fin  for  all  centra 
except  the  11th,  which  has  incomplete  bifid  neural  spines 
that  do  not  extend  to  the  dermal  plates  (Fig.  9B).  There  are 
no  ventral  processes  on  centra  6-8.  Centrum  nine  has  a pair 
of  ventral  processes  which  meet  at  the  midline  over  the  aortic 
groove.  Hemal  spines  are  present  on  vertebrae  10-30  and 
are  completely  expanded  along  their  length  posterior  to  cen- 
trum 14.  In  H.  plecostomus  there  are  no  bifid  hemal  spines. 
The  expanded  first  pterygiophore  of  the  anal  fin  contacts  the 
hemal  spine  of  centrum  1 5 (Fig.  1 1 A).  There  is  a strong  lateral 
shelf  on  the  last  pre-ural  centrum  (Fig.  10). 

The  caudal  skeleton  of  catfishes  has  been  discussed  by 
Lundberg  and  Baskin  ( 1 969),  who  identified  trends  in  hypural 
fusion  and  shifts  in  location  of  the  hypurapophyses.  The 
primitive  siluroid  condition  is  one  with  six  separate  hypurals 
and  a parhypural  (Lundberg  and  Baskin,  1 969: 1 3).  The  con- 
dition in  loricariids  is  recognized  as  one  of  the  most  complete 
in  terms  of  hypural  fusion  among  catfishes,  where  the  par- 
hypural is  fused  with  hypurals  one  and  two,  the  uroneural 
and  epural  are  fused  with  hypurals  3 + 4 + 5,  and  there  is  no 
separate  U2  autocentrum.  Loricariids  possess  type  C hypur- 
apophyses, the  predominant  condition  among  siluroids 
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Figure  12.  Adipose  fin  of  H.  plecostomus,  right  side,  lateral  view. 
The  lateral  dermal  plates  were  partially  removed  to  expose  the  distal 
portions  of  the  underlying  neural  spines  of  centra  25-28.  Scale  = 
5.0  mm. 

(Lundberg  and  Baskin,  1969).  These  hypurapophyses  serve 
as  the  insertion  site  for  the  hypochordal  muscles  on  their 
dorsal  surface,  and  the  ventral  flexor  muscles  of  the  caudal 
rays  on  their  ventral  surface.  In  H.  plecostomus  and  the  ma- 
jority of  other  members  of  the  Hypostominae  and  Ancistri- 
nae,  the  fused  hypurals  one  and  two  extend  posteriorly  be- 
yond the  fused  hypurals  3-5  (Fig.  1 0;  hyp  1,2  + ph).  Hypurals 
two  and  three  are  partially  separated  by  a notch  which  also 
separates  the  dorsal  and  ventral  caudal-fin  rays.  Loricariids 
possess  a reduced  number  of  principal  caudal-fin  rays  over 
the  primitive  siluroid  condition  (9  + 9 in  Diplomystes).  The 
majority  of  the  hypostomine  and  ancistrine  species  possess 
8 + 8,  while  some  loricariines  possess  7 + 7 or  6 + 6 rays.  Hy- 
postomus plecostomus  has  5 + 5 plate-like  procurrent  caudal 
rays  (Fig.  10;  per).  The  bases  of  these  rays  are  forked  and 
straddle  the  dorsal  and  ventral  edges  of  the  neural  and  hemal 
spines  of  the  last  pre-ural  vertebra.  The  larger,  more  posterior 
procurrent  rays  are  slightly  expanded  and  partially  overlap 
the  anterior  hypural  elements.  The  anterior  procurrent  rays 
are  partially  or  entirely  overlain  by  dermal  plates. 

Median  Fins  and  Supports 

The  dorsal  fin  of  H.  plecostomus  consists  of  one  small  spine- 
let,  one  large  defensive  spine,  and  seven  branched  rays  (Fig. 
1 IB).  Both  spines  and  all  soft  rays  possess  numerous  odon- 
todes  on  their  surface.  Internally,  the  spines  are  supported 
by  the  first  and  second  pterygiophores  (fused  proximal  and 
medial  radials  of  Weitzman,  1962)  which  are  sutured  to- 
gether along  their  entire  vertical  length,  and  join  the  short 
neural  spine  of  the  seventh  centrum  anteriorly  and  the  an- 
terior portion  of  the  eighth  centrum  posteriorly  (Fig.  9A). 
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Figure  13.  Pectoral  skeleton  and  fin  rays  of  H.  plecostomus,  anterior  toward  top.  A.  Ventral  view,  radial  elements  not  shown;  B.  Dorsal 
view.  Scale  = 7.0  mm. 


The  third  pterygiophore  joins  the  posterior  portion  of  the 
ninth  centrum.  There  is  a total  of  eight  pterygiophores.  The 
first  and  second  pterygiophores  bear  laterally  directed  trans- 
verse processes  which  are  bridged  by  the  nuchal  plate  lateral 
to  the  first  spine  (Fig.  1 IB;  np).  The  spines  pivot  over  dorsal 
knobs  that  are  formed  by  fusion  of  the  middle  and  proximal 
radials  (Lundberg,  1982).  The  first  spinelet  (Fig.  1 IB;  spl)  is 
V-shaped  and  has  a thick  ligamentous  connection  with  the 
second  spine  (Fig.  1 IB;  sp2).  The  ventral  arms  of  the  first 
spinelet  slide  under  the  transverse  arms  of  the  nuchal  plate, 
forming  the  mechanical  basis  of  the  locking  mechanism  of 
the  second,  defensive  spine  (Alexander,  1965).  The  first 
spinelet  is  variably  reduced  or  lost  in  several  loricariid  genera, 
with  corresponding  loss  of  the  locking  mechanism.  In  H. 
plecostomus  there  is  no  separate  supraneural,  which  perhaps 
is  fused  with  the  first  pterygiophore  (Fig.  9 A;  pl+sn).  In 
siluriforms  there  are  no  separate  medial  radial  ossifications 


(Fink  and  Fink,  198i).  There  are  no  separate  distal  radials 
associated  with  the  spines.  In  H.  plecostomus,  the  distal  ra- 
dials of  the  seven  soft  rays  are  entirely  ossified  (Fig.  1 IB;  dr). 
Transverse  processes  are  present  on  the  first  four  proximal 
radials  (Fig.  1 IB;  prx).  The  last  bears  a pair  of  elongate  pos- 
terior processes. 

The  anal  fin  of  H.  plecostomus  consists  of  one  slightly 
enlarged  ossified  ray  and  four  soft  rays  (Fig.  1 lA).  These  are 
supported  by  four  pterygiophores,  each  consisting  of  fused 
proximal  and  medial  radials,  and  separate  distal  radials.  The 
pterygiophores  are  strongly  attached  to  one  another  ventrally 
and  all  but  the  second  bear  laterally  expanded  transverse 
processes  which  meet  the  dermal  plates  of  the  ventral  surface 
(Fig.  1 1 A;  tvpr).  The  first  pterygiophore  is  elongate  anteriorly 
and  contacts  the  hemal  spine  of  the  1 5th  centrum.  The  last 
pterygiophore  bears  a pair  of  posterior  processes.  In  H.  ple- 
costomus the  first  two  anal-fin  rays  are  unbranched. 
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The  leading  edge  of  the  adipose  fin  is  ossified  in  loricariids. 
A single  median  pre-adipose  scute  is  also  present  (Fig.  12; 
pas).  In  H.  plecostomus  the  adipose  spinelet  is  situated  over 
the  25th  pre-ural  vertebra  and  is  straight  relative  to  that  in 
other  loricariids  (Fig.  12;  ads).  There  are  numerous  large 
odontodes  over  the  anterior  margin.  The  remainder  of  the 
fin  consists  of  skin  that  extends  posteriorly  over  three  plates 
from  the  base  of  the  spinelet. 

Pectoral  Skeleton 

The  loricariid  pectoral  girdle  is  strongly  reinforced  over  the 
primitive  siluroid  condition  (Schaefer,  1 984).  In  siluroids  the 
pectoral  girdle  consists  of  the  fused  scapula,  coracoid,  and 
mesocoracoid  (scapulocoracoid  of  Lundberg,  1970)  tightly 
associated  with  the  cleithrum.  The  first  pectoral-fin  element 
is  produced  and  co-ossified  as  a large  defensive  spine.  In 
loricariids  there  are  6-7,  rarely  five  branched  rays  in  addition 
to  the  spine  (eight  branched  rays  in  the  single  known  spec- 
imen of  Lithogenes  villosus).  In  H.  plecostomus  there  are  six 
branched  rays  supported  by  a single  disk-shaped  primary 
radial  and  two  rod-like  secondary  radials  (Fig.  1 3B,  pfr). 

The  cleithrum  (Fig.  13A,  B;  cl)  has  a long  vertical  limb 
which  articulates  with  a notch  on  the  ventral  surface  of  the 
pterotic-supracleithrum,  and  an  expanded  groove  at  the  junc- 
tion of  the  vertical  and  horizontal  limbs.  The  spine  bears  a 
greatly  expanded  dorsal  flange  which  slides  in  the  cleithral 
groove,  forming  the  primary  mechanical  basis  of  the  friction 
locking  mechanism  typical  of  catfishes  (Alexander,  1965; 
Schaefer,  1984).  The  anterior  margin  of  the  horizontal  limb 
is  straight  and  has  a broad  contact  with  that  of  the  opposite 
side  at  the  midline.  A thin  shelf  of  bone  extends  vertically 
from  the  floor  of  the  horizontal  limb.  This  vertical  lamina 
joins  the  vertical  limb  to  form  the  posterior  wall  of  the  oper- 
cular chamber.  The  posterior  process  is  well  developed.  There 
are  no  postcleithra  in  catfishes  (Lundberg,  1970:50)  and  in 
loricariids  the  posttemporal  is  either  lost  (Lundberg,  1975) 
or  fused  with  the  pterotic-supracleithrum  (Fink  and  Fink, 
1981). 

The  horizontal  limb  of  the  coracoid  (Fig.  1 3A,  B;  co)  makes 
a large  suture  with  its  fellow  at  the  midline,  posterior  to  the 
cleithral  union,  and  forms  the  floor  of  a large,  ovoid  abductor 
fossa  (Fig.  1 3 A;  abf ) for  origin  of  the  abductor  muscles  of 
the  spine.  A ridge  on  the  posterior  face  separates  the  fibers 
of  the  abductor  and  adductor  muscles  of  the  soft  rays. 

Pelvic  Skeleton 

The  pelvic  girdle  of  loricariids  consists  of  paired  basipterygia, 
lateropterygia  (Shelden,  1937),  and  six  pelvic-fin  rays.  In  H. 
plecostomus  the  first  ray  is  thick,  unbranched,  and  bears  nu- 
merous large  odontodes.  The  remaining  rays  are  branched 
and  bear  many  small  odontodes  along  their  dorsal  and  ven- 
tral edges.  The  basipterygia  (Fig.  14A,  B;  bpt)  each  possess 
a pair  of  anterior  processes,  one  internally  at  the  midline  and 
the  other  a large  lateral  process  bearing  a strong  ridge  on  its 
ventral  surface.  The  large  lateral  processes  extend  toward  the 
midline,  but  do  not  meet.  The  basipterygia  are  sutured  in 
two  locations  at  the  midline  and  separated  by  an  anterior 


I "1 


Figure  14.  Pelvic  skeleton  of  //.  plecostomus,  fin  rays  and  latero- 
pterygium  of  right  side  removed.  A.  Dorsal  view;  B.  Ventral  view. 
Scale  = 3.5  mm. 


round  cartilage  foramen  and  a posterior  rectangular  opening. 
Small  lateral  processes  are  present  mesial  to  the  lateropte- 
rygium.  The  ischiac  processes  of  the  basipterygia  are  broad 
plates  with  thickened  lateral  edges.  The  lateropterygia  (Fig. 
14A,  B;  Ipt)  are  thin  rod-shaped  splints  with  slightly  ex- 
panded bases.  The  are  no  pelvic  radials  in  siluroids  (Lund- 
berg, 1970). 

Phylogenetic  Analysis  of  the 
Loricariid  Subfamilies 

Tree  Topology 

One  tree  of  54  steps  (Consistency  Index  = 0.844;  Kluge  and 
Farris,  1969)  was  generated  by  the  ALLTREES  (Swoflbrd, 
1986)  routine  of  the  program.  The  consistency  index  of  0.844 
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Table  1.  Matrix  of  character-states  for  the  loricariid  subfamilies,  input  to  the  numerical  analysis.  Characters  are  listed  sequentially  as  presented  in  the  text.  *?’  denotes  missing 
or  unobservable  states. 
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indicates  that  approximately  16%  of  the  character-state 
changes  required  by  this  particular  tree  topology  represent 
reversal  or  convergence  (homoplasy). 

Three  monophyletic  subgroups  within  the  Loricariidae  were 
identified  (Fig.  1 5).  Four  uniquely  derived  character-state 
changes  define  the  Ancistrinae  as  monophyletic.  These  in- 
volve modifications  to  the  opercle  and  dermal  plates  of  the 
lateral  margin  of  the  cheek.  Eight  uniquely  derived  characters 
diagnose  the  Ancistrinae  plus  Hypostominae  as  monophy- 
letic. No  characters  were  found  which  diagnose  the  hypo- 
stomine  genera  exclusive  of  the  Ancistrinae.  Nine  unique 
autapomorphies  were  found  which  diagnose  the  Loricariinae. 
These  involve  modifications  to  the  vertebrae,  caudal  skele- 
ton, dorsal  and  pectoral  fins.  Four  derived  character-state 
changes  were  assigned  to  the  lineage  comprising  the  Ancis- 
trinae, Hypostominae,  and  Loricariinae,  however  only  three 
of  these  are  uniquely  shared  between  these  taxa.  Members 
of  this  lineage  share  30  or  more  pre-ural  centra  and  a ventrally 
exposed  pectoral  abductor  fossa,  with  passage  of  the  arrector 
ventralis  muscle  that  is  at  least  partially  exposed  laterally. 
However,  it  was  not  possible  to  determine  whether  these 
shared  states  represent  the  derived  or  ancestral  condition  for 
these  unpolarized  characters  (see  below).  Eight  character- 
state  changes  diagnose  the  Hypoptopomatinae,  including  three 
that  are  uniquely  derived.  Sixteen  uniquely  derived  states 
are  shared  between  hypoptopomatines,  loricariines,  and  hy- 
postomines  plus  ancistrines.  Although  the  conditions  of  most 
of  these  states  in  the  other  loricariid  subfamilies  (Lithogen- 
inae,  Neoplecostominae)  is  unknown  at  present,  these  char- 
acters are  here  regarded  as  provisional  synapomorphies  unit- 
ing the  former  taxa  in  a natural  group  (to  be  discussed  below). 


Characters 

The  evidence  supporting  the  hypothesis  of  relationships 
among  loricariid  subfamilies  is  discussed  below.  The  derived 
states  mapped  onto  the  cladogram  of  Figure  1 5 are  of  three 
types:  ( 1 ) uniquely  derived  and  present  in  all  members  of  the 
clade,  (2)  present  in  some  but  not  all  members  of  the  clade, 
and  (3)  homoplastic,  representing  convergent  derived  states 
shared  between  lineages,  or  reversal  from  a derived  to  a more 
ancestral  state.  Types  2 and  3 are  not  necessarily  mutually 
exclusive,  since  homoplasious  states  may  be  present  in  only 
some  members  of  the  clade. 

Characters  are  presented  in  an  anteroposterior  sequence 
and  listed  in  Table  1.  For  each  character,  the  general  de- 
scription and  the  primitive  state  are  given  first,  followed  by 
description  and  distribution  of  derived  states.  All  characters 
were  coded  as  ordered  unless  otherwise  noted.  For  each  or- 
dered, multistate  character,  the  hypothesis  of  evolutionary 
transformation  is  presented  and  discussed. 

1.  In  loricariids  the  dorsal  margin  of  the  metapterygoid 
contacts  the  lateral  ethmoid.  There  is  no  contact  in  Astro- 
blepus,  Corydoms,  or  any  other  siluroid  (state  0).  In  some 
members  of  the  Hypoptopomatinae  and  some  Loricariinae, 
contact  is  limited  to  the  posterior  metapterygoid  margin  (state 
1).  In  members  of  the  Hypostominae  and  Ancistrinae,  the 
contact  is  double  (state  2),  with  an  additional  anterior  contact 
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Figure  15.  Phylogeny  of  the  loricariid  subfamilies,  exclusive  of  the  Lithogeninae  and  Neoplecostominae  (C.I.  = 0.844,  length  = 54  steps), 
including  the  two  outgroup  taxa  in  the  analysis.  Branch  lengths  are  drawn  proportional  to  the  number  of  character-state  changes  that  support 
each  lineage.  Uniquely  derived  character-states  are  mapped  onto  the  tree  topology  as  closed  rectangles,  open  symbols  represent  states  present 
in  only  some  members  of  the  clade.  Homoplastic  states  are  indicated  as  C (convergent)  and  R (reversal),  respectively.  Numbers  correspond 
with  the  character-state  sequence  presented  in  the  text. 
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Figure  16.  Right  opercle,  mesial  view.  A.  Cochliodon  cochliodon 
CAS  5103;  B.  Peckoltia  niveata  CAS  6531;  C.  Ancistrus  ciirhosus 
UMMZ  206085.  Scale  = 3.5  mm. 


posterior  to  the  palatine  condyle.  In  other  Hypoptopomati- 
nae  and  Loricariinae  the  contact  involves  the  entire  dorsal 
margin  of  the  metapterygoid  (state  3).  This  condition  is  also 
found  in  Exastilithoxus  among  the  Ancistrinae.  The  hypoth- 
esis of  transformation  among  states  used  here  assumes  pro- 
gressive increase  in  the  amount  of  metapterygoid  contact 
with  the  lateral  ethmoid,  with  complete  contact  being  most 
derived.  The  occurrence  of  state  3 in  the  small  minority  of 
hypoptopomatine,  loricariine,  and  ancistrine  representatives 
examined  are  provisionally  considered  to  be  independent 
derivations,  pending  further  study  of  additional  material. 

2.  In  some  loricariids  the  posterior  margin  of  the  hyo- 
mandibula  sutures  with  the  pterotic-supracleithrum  poste- 
rior to  its  cartilaginous  articulation  with  the  neurocranium. 
In  all  other  siluroids,  the  hyomandibula  contacts  the  neu- 
rocranium via  the  cartilaginous  condyle  only  (state  0).  Among 
loricariids,  sutural  contact  involving  at  least  part  of  the  pos- 
terior hyomandibular  margin  (state  1)  is  synapomorphic  for 


members  of  the  Hypostominae  and  Ancistrinae,  and  is  also 
found  in  some  Hypoptopomatinae. 

3.  In  loricariids  the  supracleithrum  is  fused  with  the  pte- 
rotic.  In  Astroblepus  these  bones  are  separate  and  the  anterior 
margin  of  the  pterotic  is  straight  and  unspecialized  (state  0). 
The  condition  in  callichthyids  is  not  comparable  and,  there- 
fore, coded  as  missing  (‘?,’  Table  1).  In  loricariines  and  most 
hypoptopomatines  the  anterior  pterotic-supracleithrum  mar- 
gin does  not  suture  with  the  hyomandibula  (see  character  2). 
The  contact  with  the  hyomandibula  is  generally  straight  and 
placed  well  forward  of  the  junction  of  the  ossified  Baudelot’s 
ligament  to  the  notch  for  articulation  with  the  dorsal  clei- 
thrum  process.  In  these  taxa  the  contact  with  the  hyoman- 
dibula is  shallow  and  located  toward  the  lateral  aspect  of  the 
bone  (state  1).  In  hypostomines,  ancistrines,  and  some  hy- 
poptopomatines, the  contact  with  the  hyomandibula  is  bridged 
ventrally  for  some  distance  from  the  lateral  aspect,  forming 
a distinct  chamber  or  channel  through  which  pass  the  dila- 
tator and  levator  operculi  muscles  (state  2). 

4.  In  astroblepids,  callichthyids,  and  the  majority  of  lori- 
cariids the  preopercle  is  a broad  element  firmly  sutured  to 
the  hyomandibula  (state  0).  In  some  hypoptopomatines,  the 
preopercle  is  reduced  and  its  position  relative  to  the  hyo- 
mandibula is  anteroventral  (state  1 ). 

5.  The  shape  and  positional  relations  of  the  operculum 

vary  greatly  among  loricariids.  In  astroblepids,  callichthyids, 
and  most  primitive  catfishes  including  the  oper- 

cle is  broad  and  roughly  triangular  in  outline  (state  0).  Among 
loricariids  the  primitive  state  is  also  found  among  all  hy- 
postomines, loricariines,  and  hypoptopomatines  (Fig.  16A). 
Among  the  Ancistrinae,  two  states  are  present  (state  1).  The 
opercle  is  relatively  straight  and  the  posterolateral  shelf  is 
reduced  in  Pseudacanthicus,  Panague,  Peckoltia,  Pseudan- 
cistrus,  and  Parancistnis  (Fig.  16B).  In  other  ancistrines,  the 
opercle  has  the  slender  anterior  extension,  with  an  expanded 
posterolateral  shelf  (Fig.  16C). 

6.  Loricariids  possess  one  or  more  dermal  plates  between 
the  opercle  and  the  canal-bearing  plate  at  the  ventral  margin 
of  the  preopercle.  In  callichthyids  there  is  no  latero-sensory 
canal  involvement  with  the  lateral  cheek  plates  and  astro- 
blepids lack  dermal  plates  entirely  (state  0).  In  all  Loricariinae 
and  most  Hypoptopomatinae,  there  is  a single  plate  between 
the  opercle  and  the  canal-bearing  plate  (state  1).  In  all  Hy- 
postominae and  Ancistrinae  there  are  at  least  two  plates  (state 
2).  In  the  Ancistrinae  these  plates  are  further  modified  and 
incorporated  into  a mass  of  connective  tissue  (state  3).  The 
derived  states  for  this  character  are  all  found  within  the  Lor- 
icariidae  and,  in  the  absence  of  developmental  or  other  evi- 
dence, there  is  little  information  with  which  to  make  polarity 
decisions.  Therefore,  this  character  was  coded  as  unordered. 

7.  In  the  majority  of  loricariids  the  anteroventral  margin 
of  the  opercular  opening  is  bordered  by  the  dermal  plates  of 
the  lateral  margin  of  the  cheek  (state  1).  These  plates  extend 
dorsally  to  partially  overlap  the  ventral  comer  of  the  opercle. 
The  plates  are  displaced  laterally  when  the  opercle  is  ab- 
ducted, however  lateral  and  anteroposterior  rotations  of  the 
opercle  are  constrained  by  skin  and  connective  tissue.  As- 
troblepids and  callichthyids  lack  this  morphology  (state  0). 
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Figure  17.  Second  (defensive)  dorsal-fin  spine  and  first  branched  ray,  in  relation  to  the  supporting  proximal  radial.  A,  B.  Loricariichthys  sp. 
FMNH  77306,  lateral  and  dorsal  views,  respectively;  C,  D.  Pterygoplichthys  sp.  FMNH  96962,  lateral  and  dorsal  views,  respectively,  first 
dorsal-fin  spine  removed.  Scale  = 5.0  mm. 


In  all  members  of  the  Ancistrinae  the  lateral  cheek  plates 
have  become  further  fragmented  and  imbedded  in  connective 
tissue  at  the  ventral  margin  of  the  opercle  (state  2). 

8.  In  members  of  the  Ancistrinae  the  cheek  odontodes  are 
enlarged  and  elongate  (state  1).  Their  supporting  base  plates 
are  variable  in  size  and  number.  The  odontode  mass  artic- 
ulates with  the  suspensorium  via  the  canal-bearing  plate.  All 
other  loricariids  lack  this  articulation  and  the  enlarged  cheek 
odontodes  (state  0).  Odontodes  are  unique  to  loricarioids  and 
enlarged  odontodes  are  also  found  on  the  opercle  and  inter- 
opercle  of  trichomycterids. 

9.  In  all  members  of  the  Hypostominae  and  Ancistrinae 


the  first  epibranchial  bears  an  anterior  accessory  flange  of 
bone  which  provides  support  for  the  first  row  of  modified 
gill  rakers  anterior  to  the  first  arch  (state  1 ; Fig.  8B).  All  other 
siluroids  lack  the  accessory  epibranchial  flange  (state  0).  An 
accessory  flange  is  also  present  m some  species  of  Otocinclus, 
however  the  morphology  of  this  structure  is  quite  different, 
with  an  elongate  shaft,  reduced  in  size  relative  to  the  bran- 
chial elements,  and  considered  to  be  independently  derived 
or  perhaps  not  homologous  to  the  flange  in  hypostomines 
and  ancistrines. 

10.  In  siluroids  the  second,  defensive  dorsal-fin  spine  ar- 
ticulates on  a dorsal  condyle  of  the  second  pterygiophore 
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Figure  18.  Passage  of  the  arrector  ventralis  muscle  in  relation  to 
the  pectoral  skeleton  and  fin  spine,  right  side,  ventral  view.  A.  Hy- 
postomus  plecostomus  RMNH  25463;  B.  Rhineloricaria  lanceolata 
FMNH  96970;  C.  Hypoptopoma  sp.  FMNH  96963.  Scale  = 3.5  mm. 

(proximal  radial  of  Weitzman,  1962).  The  dorsal  condyle  of 
the  first  two  dorsal-fin  pterygiophores  represents  fusion  of 
the  proximal  and  medial  radials  (Lundberg,  1970).  Astro- 
blepus,  Corydoras,  and  the  majority  of  loricariids  share  the 
primitive  morphology  (state  0;  Fig.  1 7C,  D).  In  the  Lorica- 
riinae  the  defensive  spine  articulates  with  the  pterygiophore 


via  a chain-link  structure  (state  1;  Fig.  1 7A,  B).  The  articular 
condyle  has  developed  an  anterior  strut  which  connects  with 
the  main  body  of  the  pterygiophore,  thus  forming  a dorsal 
loop.  The  lateroventral  processes  of  the  defensive  spine  base 
are  produced  ventrally,  pass  through  the  pterygiophore  loop, 
and  meet  at  the  midline  forming  a second  loop.  The  defensive 
spine  cannot  be  removed  from  the  pterygiophore  without 
breakage  of  one  of  these  loops.  Fusion  of  the  lateroventral 
processes  of  the  dorsal-fin  spine  is  apparently  the  primitive 
siluroid  condition.  The  chain-link  structure  is  found  in  sev- 
eral other,  non-loricarioid  catfishes,  such  as  doradids  and 
pimelodids  (Lundberg,  pers.  comm.). 

1 1 . Loricariids  share  with  astroblepids  and  many  other 
siluroids  the  presence  of  bifid  neural  spines  (Fig.  9).  All  other 
loricarioids  lack  bifid  spines  (state  0).  In  Astroblepus  there 
are  3-4  bifid  neural  spines  (state  1 ).  In  the  hypoptopomatines 
there  are  5-7  bifid  spines  (state  2).  All  other  loricariids  share 
eight  or  more  bifid  neural  spines  (state  3).  It  was  proposed 
that  this  character  evolved  by  successive  increase  in  the  num- 
ber of  bifid  neural  spines,  with  eight  or  more  spines  being 
most  derived. 

1 2.  In  Astroblepus  there  are  less  than  30  pre-ural  vertebral 
centra,  while  callichthyids  generally  have  less  than  26  (state 
0),  a condition  shared  with  hypoptopomatines.  All  other  lor- 
icariids have  30  or  more  pre-ural  centra  (state  1 ).  Loricariines 
share  the  highest  vertebral  counts  (33-37;  state  2).  Increased 
numbers  of  vertebrae  are  considered  derived. 

13.  In  callichthyids,  astroblepids,  and  the  majority  of  lor- 
icariids the  vertebral  centra  are  short  (state  0)  compared  with 
the  elongate  morphology  (state  1 ) in  all  loricariines. 

14.  The  posteroventral  process  of  the  proximal  portion  of 
the  pectoral-fin  spine  in  loricariines  is  elongate  (state  1 ) com- 
pared with  the  condition  in  callichthyids,  astroblepids,  and 
all  other  loricariids  (state  0). 

15.  In  loricariids  the  pectoral  girdle  is  strongly  reinforced 
relative  to  the  primitive  siluroid  morphology  (Schaefer,  1984). 
In  the  majority  of  loricariids,  the  abductor  fossae  are  exposed 
ventrally  and  the  ventral  surface  of  the  girdle  is  covered  by 
skin  or  dermal  plates  (state  0).  In  members  of  the  Hypo- 
ptopomatinae,  the  fossae  are  bridged  ventrally  by  a shelf  of 
bone  formed  by  anterior  and  posterior  extensions  of  the  cor- 
acoids and  cleithra,  and  the  ventral  surface  of  the  girdle  is 
largely  exposed  (state  1). 

16.  In  loricariids  the  lateral  margin  of  the  abductor  fossa 
is  formed  by  a posterior  process  of  the  cleithrum  which  meets 
an  anterior  process  of  the  coracoid.  Fibers  of  the  arrector 
ventralis  muscle  pass  ventral  to  this  strut  (state  0;  Fig.  18 A). 
In  the  loricariines  there  is  an  additional  bony  strut  formed 
by  an  anterior  projection  of  the  coracoid  which  makes  only 
partial  contact  with  the  cleithrum.  Mesially,  fibers  of  the 
arrector  ventralis  muscle  pass  dorsal  to  this  strut  (state  1; 
Fig.  1 8B).  In  the  hypoptopomatines  the  abductor  fossae  are 
bridged  ventrally  (see  character  1 5)  and  fibers  of  the  arrector 
ventralis  are  exposed  only  laterally  (state  2;  Fig.  18C).  Vari- 
ations in  this  character  are  unique  to  loricariids  and,  there- 
fore, this  character  was  coded  as  unordered. 

Two  alternative  character-state  distributions  were  revealed 
in  the  numerical  analysis.  These  alternatives  were  both  equal- 
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ly  possible  and  differ  from  the  arrangement  in  Figure  1 5 in 
the  representations  of  state  2 as  autapomorphic  for  hypo- 
ptopomatines,  and  state  1 as  autapomorphic  for  loricariines, 
respectively.  Given  the  absence  of  information  for  making 
an  hypothesis  of  evolutionary  transformation,  the  distribu- 
tion of  these  states  on  the  tree  remains  equivocal. 

1 7.  In  astroblepids  the  first  anal-fin  pterygiophore  articu- 
lates with  the  vertebral  column  on  the  1 8th  or  more  posterior 
centrum  and  on  centra  1 7- 1 9 in  callichthyids  (state  0).  Among 
hypostomines  and  ancistrines,  the  articulation  is  on  centra 
14-17  (state  1)  and  on  centrum  13  (state  2)  in  hypoptopo- 
matines  and  loricariines.  Because  of  the  more  posterior  ar- 
ticulation in  callichthyids  and  astroblepids,  it  was  hypothe- 
sized that  this  character  evolved  by  progressive  anterior  shifts 
in  loricariids,  with  contact  on  VI 3 most  derived.  However, 
under  this  particular  hypothesis  of  polarity,  there  is  a reversal 
from  state  2 to  state  1 in  the  lineage  leading  to  hypostomines 
and  ancistrines  (Fig.  15). 

18.  In  members  of  the  Hypoptopomatinae  and  Loricari- 
inae  the  dermal  plates  posterior  to  the  anus  make  contact  at 
the  midline.  Astroblepuslack^,  dermal  scutation  (state  0).  The 
morphology  of  dermal  scutation  in  callichthyids  is  quite  dif- 
ferent from  that  in  loricariids,  with  two  rather  than  three  or 
more  series  of  overlapping  plates  along  the  body,  suggesting 
that  the  types  of  scutation  in  callichthyids  and  loricariids  are 
non-homologous.  In  loricariines,  the  first  plate  is  expanded 
and  the  contact  is  via  a broad  suture  (state  1;  Fig.  19C). 
Contact  of  the  second  plates  at  the  midline  is  absent  in  all 
loricariines  except  Limatulichthys.  In  hypoptopomatines  the 
first  two  or  more  plates  posterior  to  the  anus  make  contact 
at  the  midline  (state  2;  Fig.  19B).  In  all  other  loricariids  there 
is  no  contact  of  any  postanal  plates  (state  3;  Fig.  19A).  Vari- 
ations in  this  character  occur  entirely  within  the  Loricariidae 
and,  therefore,  this  character  was  coded  as  unordered. 

19.  The  caudal  peduncle  is  round  and  nearly  circular  in 
astroblepids,  callichthyids,  and  a number  of  loricariids  (state 
0).  In  most  Loricariinae,  the  peduncle  is  greatly  depressed 
(state  1). 

20.  Loricariids  share  a unique  pattern  of  dermal  scutation 
at  the  base  of  the  caudal  fin.  Several  horizontal  supracaudal 
dermal  plates  extend  posteriorly  from  the  last  row  of  plates 
on  the  caudal  peduncle.  Astroblepids  lack  dermal  scutation 
and  callichthyids  lack  these  horizontal  supracaudal  plates 
(state  0).  In  most  loricariids  the  supracaudal  plates  are  not 
elongate  (state  1),  relative  to  the  greatly  elongate  condition 
in  members  of  the  Loricariinae  (state  2). 

21.  In  astroblepids,  callichthyids,  and  most  primitive  sil- 
uroids,  the  posterior  margins  of  the  hypural  elements  of  the 
caudal  skeleton  are  flush  and  not  differentially  extended  (state 
0).  In  loricariids  and  several  unrelated  catfishes,  the  hypural 
elements  are  fused  (Lundberg  and  Baskin,  1969).  Among 
loricariids,  members  of  the  Hypoptopomatinae,  Kronichthys, 
Pogonopomoides,  and  Pseudorinelepis  of  the  Hypostominae, 
along  with  Exastilithoxus  of  the  Ancistrinae  share  the  prim- 
itive flush  extension  of  fused  hypurals  1-2  relative  to  that  of 
fused  hypurals  3-5  (Fig.  20A).  In  the  Loricariinae  the  hy- 
purals are  shortened,  with  a V-shaped  morphology  (state  2; 
Fig.  20C).  In  all  other  loricariids,  the  posterior  margin  of 


Figure  19.  Pattern  of  dermal  scutation  posterior  to  anus,  ventral 
view,  anterior  toward  left.  Numbers  correspond  to  hypothesized 
homologous  elements.  A.  Hypostomus  sp.  FMNH  95560;  B,  Hy- 
poptopoma  sp.  FMNH  96963;  C.  Sturisoma  sp.  FMNH  96971. 
Scale  = 5.0  mm. 

hypurals  1-2  extends  beyond  the  posterior  margin  of  hy- 
purals 3-5  (state  1;  Fig.  20B).  Variations  in  this  character 
occur  entirely  within  the  Loricariidae  and,  therefore,  this 
character  was  coded  as  unordered. 
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Figure  20.  Caudal-tin  skeleton,  right  side,  lateral  view.  A.  Exastilithoxus  fimbriatus  AMNH  56097;  B.  Dolichancistrus  cobrensis  UMMZ 
141941;  C.  Limatulichthys  punctatiis  FMNH  96961 . Scale  = 5.0  mm. 


22.  In  callichthyids  and  astroblepids  there  are  generally 
nine  or  more  branched  pectoral-hn  rays  (state  0).  Lithogenes 
is  unique  among  loricariids  in  having  eight  branched  rays 
(state  1 ).  All  other  loricariids  share  5-7  branched  pectoral- 
hn  rays  (state  2).  It  was  proposed  that  reduced  numbers  of 
pectoral-hn  rays  are  most  derived. 

23.  Astroblepids  share  with  loricariids  the  highly  mobile 
premaxillae  which  articulate  with  the  neurocranium  via  a 
mesethmoid  disk.  A conspicuous  mesethmoid  disk  is  absent 
(state  0)  in  all  other  siluroids,  including  Chiloglanis  (Mo- 
chokidae),  which  share  convergent  jaw  and  sucking-disk  lip 
morphologies.  The  mesethmoid  disk  oi  Astroblepus  is  small 
(state  1 ) compared  with  the  expanded  morphology  of  lori- 
cariids (state  2).  It  was  proposed  that  the  expanded  mor- 
phology is  derived  relative  to  the  condition  in  astroblepids. 

24.  Several  loricarioids  possess  a “connecting  bone”  (Bai- 
ley and  Baskin,  1976)  between  the  transverse  process  of  the 
second  dorsal-hn  proximal  radial  element  and  the  distal  por- 
tion of  the  rib  on  the  sixth  centrum.  In  callichthyids  the 
connecting  bone,  if  present,  is  indistinct  from  the  lateral  scu- 
tation  (state  0)  and  is  perhaps  unossihed.  In  Astwblepus  the 
bone  is  slender  and  rod  shaped  (state  1).  All  other  loricariids 
share  a robust,  flattened  connecting  bone  (state  2).  Because 
It  was  not  possible  to  determine  which  of  the  two  states 
present  in  astroblepids  plus  loricariids  is  most  derived,  this 
character  was  coded  as  unordered. 

25.  The  palatine  of  callichthyids  and  astroblepids  is  short 
(state  0)  relative  to  the  slender,  elongate  morphology  (state 
1 ) found  in  all  loricariids. 

26.  The  second  of  two  secondary  pectoral-fin  radials  in 
Astroblepus.  callichthyids,  and  Nematogenys  is  distally  ex- 
panded (state  0)  relative  to  the  slender  morphology  (state  1) 
m all  loricariids. 

27.  Loricariids  possess  a diversity  of  tooth  cusp  mor- 
phologies, with  the  majority  having  asymmetrically  bifid  cusps 
(state  2).  In  callichthyids  and  the  vast  majority  of  siluroids 
the  teeth  are  simple,  conical  structures  (state  0),  similar  in 


gross  morphology  to  the  loricarioid  odontodes.  In  astroblep- 
ids the  teeth  are  symmetrically  bifid  and  pointed  (state  1). 
Asymmetrically  bifid  teeth  are  considered  derived,  relative 
to  the  symmetrically  bifid  teeth  of  astroblepids. 

28.  All  loricariids  share  an  expanded  anterior  margin  of 
the  anterohyal  (state  1),  which  provides  an  expanded  inser- 
tion area  for  the  geniohyoideus  muscle  (Schaefer  and  Lauder, 
1 986).  All  other  siluroids  lack  this  expanded  anterohyal  (state 
0). 

29.  Astroblepids  share  with  hypoptopomatines  and  lori- 
cariines  the  presence  of  bifid  hemal  spines  (state  1).  Callich- 
thyids, loricariids,  and  the  vast  majority  of  siluroids  possess 
straight,  non-bifid  hemal  spines  (state  0).  The  distribution  of 
these  states  (Fig.  15)  indicates  an  apparent  reversal  from 
derived  state  1 in  astroblepids,  hypoptopomatines,  and  lor- 
icariines  to  state  0 in  hypostomines  and  ancistrines. 

30.  Astroblepids  and  loricariids  share  presence  of  the  lat- 
eropterygium  element  (Shelden,  1937)  of  the  pelvic  girdle. 
All  other  siluroids  lack  this  structure  (state  0).  In  astroblepids 
the  lateropterygium  is  proximally  disk-shaped  (state  1).  The 
loricariids  the  lateropterygium  is  straight  and  slender  (state 
2).  Presence  of  the  lateropterygium  was  considered  derived, 
but  It  was  not  possible  to  determine  which  of  the  two  mor- 
phologies is  most  derived  and,  therefore,  this  character  was 
coded  as  unordered. 


DISCUSSION 

At  present,  there  is  no  evidence  that  the  taxa  included  in  the 
Hypostominae  of  Isbriicker  (1980)  form  a natural  group. 
Members  of  the  Hypostominae,  including  H.  plecostomus, 
share  a number  of  characters  considered  plesiomorphic  for 
the  family.  In  addition,  I have  found  no  derived  characters 
that  can  be  used  to  uniquely  define  Hypostomus.  Thus,  the 
present  osteological  description  of  H.  plecostomus  is  of  crit- 
ical importance  as  a guideline  for  an  expanded,  comprehen- 
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sive  osteological  definition  of  the  family,  revision  of  the  genus 
Hypostomus,  and  a basis  for  determining  character-state  po- 
larities in  future  phylogenetic  studies. 

Regan  (1904,  1911)  mentioned  several  osteological  char- 
acters that  he  considered  diagnostic  for  the  Loricariidae. 
However,  this  work  predates  Hennigian  phylogenetic  meth- 
odology and  several  of  these  characters  are  shared  with  more 
primitive  catfishes.  These  primitive  characters  include  the 
reduced  maxilla,  presence  of  a mesocoracoid,  absence  of  the 
symplectic  and  subopercle,  and  fusion  of  the  supraoccipital 
and  parietal.  Other  characters,  such  as  loss  of  the  posttem- 
poral and  presence  of  an  expanded  rib  on  the  sixth  centrum, 
are  not  primitive  for  siluroids,  but  nevertheless  are  present 
in  other  catfishes.  Regan  considered  astroblepids  as  a lori- 
cariid  subfamily  (Argiinae)  and  the  absence  of  parapophyses, 
sessile  ribs,  and  compressed  vertebrae  to  be  characters  “which 
warrant  their  [Loricariidae  including  Argiinae]  separation  as 
a distinct  family.”  He  cited  several  characters  that  separate 
the  loricariid  subfamilies,  although  no  comparison  was  made 
to  states  in  other  unrelated  catfishes.  Gosline  (1947:79)  rec- 
ognized the  difficulty  in  determining  phylogenetic  relation- 
ships at  various  levels  within  the  family  because  of  confusion 
about  character  variation  and  polarity.  Similarly,  Gosline 
made  no  comparison  to  states  in  outgroup  catfishes  and  no 
apparent  distinction  was  made  between  primitive  and  de- 
rived states. 

The  following  derived  characters  uniquely  define  the  Lor- 
icariidae, exclusive  of  the  Astroblepidae: 

(1)  Dorsal  margin  of  the  metapterygoid  contacting  the  lat- 
eral ethmoid.  This  character  was  first  noted  by  Regan  (1911). 
There  is  no  contact  of  these  bones  in  astroblepids,  cal- 
lichthyids,  or  trichomycterids.  The  metapterygoid  is  variably 
reduced  in  callichthyids,  trichomycterids,  and  several  unre- 
lated catfishes.  In  members  of  the  Hypoptopomatinae  and 
Loricariinae  the  antorbital  process  of  the  lateral  ethmoid 
bears  a tall  ventral  ridge  which  contacts  the  dorsal  metap- 
terygoid margin.  In  some  taxa  the  contact  is  via  a suture 
along  the  entire  dorsal  metapterygoid  margin.  The  expanded 
convex  condyle  of  the  lateral  ethmoid  is  synapomorphic  for 
the  Hypostominae  plus  Ancistrinae. 

(2)  Presence,  at  least  primitively,  of  a metapterygoid  chan- 
nel. This  structure  serves  to  partially  enclose  the  fibers  of  the 
ventral  subdivision  of  the  extensor  tentaculi  muscle  against 
the  ventral  floor  of  the  neurocranium  (Howes,  1983;  Schaefer 
and  Lauder,  1986).  Several  loricariine  species  have  second- 
arily lost  this  channel. 

(3)  Presence  of  a canal  plate  formed  by  incorporation  of 
the  ventral  branch  of  the  preopercular  latero-sensory  canal 
with  a dermal  cheek  plate. 

(4)  Gill  rakers  modified  as  rows  of  fine,  comb-shaped  ep- 
ithelial structures  on  the  oral  surface  of  the  gill  basket,  in- 
cluding the  accessory  flange  of  the  first  ceratobranchial  (when 
present)  and  the  lower  pharyngeal  jaws  (fifth  ceratobranchi- 
als).  In  view  of  the  large  number  of  other  corroborating  char- 
acters, it  is  thought  that  the  few  loricariid  species  (i.e.,  Ex- 
astilithoxus fimbriatus,  some  Loricariinae)  which  possess  gill 
rakers  similar  to  those  found  in  more  primitive  catfishes 
represent  examples  of  secondary  reversal. 


(5)  Presence,  at  least  primitively,  of  an  accessory  flange  on 
the  first  ceratobranchial  supporting  the  first  row  of  modified 
gill  rakers.  Exastilithoxus  lacks  both  the  accessory  flange  and 
modified  gill  rakers. 

(6)  Anterior  margin  of  the  anterohyal  expanded,  increasing 
the  insertion  area  for  the  hyohyoideus  and  geniohyoideus 
muscles. 

(7)  Pterotic  fused  with  supracleithrum,  expanded  poste- 
riorly to  completely  cover  the  lateral  opening  of  the  Weberian 
capsule,  and  reflected  ventrally. 

(8)  Presence,  at  least  primitively,  of  flattened  (spatulate) 
expanded  transverse  processes  on  at  least  the  third  anal-fin 
pterygiophore  (proximal  radial),  and  frequently  subsequent 
posterior  pterygiophores  as  well.  Callichthyids  also  possess 
transverse  processes  on  the  anal-fin  pterygiophores,  but  these 
are  blunt  and  laterally  rounded. 

(9)  Expanded  rib  on  the  sixth  vertebral  centrum  with  a 
double  articulation  to  a concave  facet  on  the  centrum  ven- 
trally and  to  the  neural  spine  dorsally. 

(10)  Body  totally  or  partially  encased  by  three  or  more 
rows  of  overlapping  dermal  plates  bearing  integumentary 
teeth  (odontodes).  In  the  single  known  specimen  of  Litho- 
genes  villosiis  the  plates  are  reduced  in  size  and  extent  and 
are  restricted  to  the  caudal  peduncle.  Callichthyids  also  pos- 
sess dermal  armor,  but  never  in  more  than  two  rows  on  the 
body.  Scoloplax  dicra  (Scoloplacidae)  has  two  rows  of  plates 
with  broad  naked  areas  between  them. 

Several  characters  found  among  loricariids  have  been  men- 
tioned by  other  authors  as  definitive.  The  expanded,  com- 
pressed caudal  vertebrae  were  identified  by  Regan  (1904)  as 
diagnostic  of  loricariids.  This  reference  applies  more  pre- 
cisely to  the  nature  of  the  expansion  of  the  neural  and  hemal 
spines  and  not  to  the  vertebral  centra  per  se.  In  Astroblepiis 
the  neural  and  hemal  spines  are  expanded  and  compressed, 
but  are  widely  separate  from  one  another  along  their  length, 
unlike  the  condition  in  loricariids.  However,  the  condition 
in  loricariids  is  not  unique  since  some  amphillids  (i.e.,  Phrac- 
tura  scaphrorhynchitra,  FMNH  55350)  and  other,  non-lori- 
carioid  groups  (Lundberg,  pers.  comm.),  also  possess  ex- 
panded bifid  neural  and  hemal  spines  on  the  pre-ural 
vertebrae.  Absence  of  parapophyses  and  presence  of  the  ex- 
panded rib  on  the  sixth  centrum  are  also  not  unique  to  lor- 
icariids. Coracoids  sutured  at  the  midline  (Regan,  1911)  also 
occurs  among  callichthyids.  Presence  or  absence  of  teeth  on 
the  pharyngeal  jaws  was  used  by  Gosline  (1947)  to  separate 
loricariid  subfamilies.  There  is  great  variation  in  the  nature 
of  the  pharyngeal  teeth  among  loricariids,  and  these  are  often 
reduced  to  very  small  odontodes,  but  I have  never  observed 
the  complete  absence  of  pharyngeal  teeth  in  any  loricariid 
alizarin  specimen. 

In  addition  to  the  osteological  characters,  Howes  (1983) 
identified  several  characters  of  the  cranial  muscles  which,  for 
the  most  part,  corroborate  the  cladistic  hypothesis  of  rela- 
tionship for  the  loricarioids  (Baskin,  1972).  Additional  evi- 
dence from  a functional  analysis  of  the  cranial  muscles 
(Schaefer  and  Lauder,  1986)  further  diagnoses  the  Loricari- 
idae: (11)  intermandibular  cartilage  plug  with  direct  attach- 
ment to  the  hyoid  arch,  (12)  presence  of  a novel  adductor 
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subdivision  with  direct  insertion  onto  the  premaxilla,  (13) 
subdivision  of  the  extensor  tentaculi  muscle. 

Paraphyly  of  the  Hypostominae 

As  indicated  by  this  limited  amount  of  evidence,  the  Hy- 
postominae, as  traditionally  defined  (Isbriicker,  1980),  is  a 
paraphyletic  group.  No  evidence  is  available  which  can  be 
used  to  unite  all  hypostomine  genera  in  a monophyletic  tax- 
on. Phylogenetic  systematics  rejects  non-monophyletic  groups 
for  reasons  discussed  by  Farris  (1979),  Eldredge  and  Cracraft 
(1980),  and  Wiley  (1981).  Gosline  (1947:81)  first  hinted  at 
the  possible  paraphyly  of  the  Hypostominae.  He  stated  that 
there  is  no  single  character  or  group  of  characters  that  can 
be  used  to  separate  and  distinguish  the  hypostomine  genera. 
However,  the  paraphyletic  nature  of  the  Hypostominae  is  a 
consequence  of  subfamily  rank  for  the  Ancistrinae.  Fink  and 
Fink  ( 1 986)  describe  a similar  situation  in  stomiiform  fishes, 
where  apomorphic  members  of  a monophyletic  group  are 
placed  in  a separate  higher  taxon  of  coordinate  rank  with  the 
non-apomorphic  members.  The  result  is  a paraphyletic  group 
that  does  not  include  all  descendants  of  its  most  recent  com- 
mon ancestor.  The  conservative  approach  would  be  to  reject 
separate  subfamily  status  for  the  Ancistrinae.  However,  this 
creates  a taxonomic  dilemma  in  that  the  well-established 
monophyly  of  the  ancistrine  genera  would  not  be  recognized 
in  the  classification. 

Several  of  the  hypostomine  genera  are  poorly  represented 
in  U.S.  museum  collections.  Available  anatomical  evidence 
is  therefore  meager.  Because  of  the  lack  of  material  for  os- 
teological  study,  my  generic  concepts  are  based  on  the  type 
species  of  the  genus,  wherever  possible.  Knowledge  of  intra- 
generic variation  for  many  of  these  characters  is  entirely 
lacking.  Hypostomines  have  been  traditionally  defined  on 
the  basis  of  what  are  here  considered  plesiomorphic  features 
(e.g.,  the  combination;  absence  of  the  cheek  odontodes,  cau- 
dal peduncle  not  depressed,  pectoral  girdle  not  exposed).  No 
uniquely  derived  states  were  found  which  individually  di- 
agnose these  genera.  For  these  reasons,  the  available  data  are 
considered  insufficient  to  permit  resolution  of  the  hyposto- 
mine genera.  Becuase  not  all  hypostomine  genera  were  rep- 
resented and  because  the  data  are  far  from  exhaustive,  it  is 
felt  that  separate  subfamily  status  for  the  Ancistrinae  should 
be  retained  for  the  sake  of  nomenclatural  stability,  while 
recognizing  the  provisional  paraphyly  of  the  Hypostominae. 

Placement  of  Lithogenes  and 
Neoplecostomus 

Gosline  (1947)  erected  the  subfamily  Lithogeninae  on  the 
basis  of  a single  specimen  collected  by  Eigenmann  in  Guyana 
in  1908.  Regan  (1904)  erected  the  subfamily  Neoplecosto- 
minae  for  Neoplecostomus  granosus  from  eastern  Brazil.  Re- 
gan (1904:306)  noted  that  this  species  “is  of  considerable 
interest  as  being  the  nearest  representative  among  the  forms 
with  the  body  enclosed  in  bony  scutes  to  the  naked  Argiinae.” 
An  attempt  is  made  to  ascertain  the  phylogenetic  position 
of  these  genera  in  the  Loricariidae,  based  on  gross  exami- 
nation and  radiographs.  Discussion  of  the  relations  of  the 


Lithogeninae  and  Neoplecostominae  requires  brief  comment 
on  the  history  of  loricariid  classification. 

The  majority  of  previous  work  on  loricariid  classification 
predates  Hennigian  phylogenetic  methodology.  Frequently, 
no  distinction  was  made  between  shared  derived  and  prim- 
itive states  and  little  comparison  was  made  to  homologous 
states  in  other  siluroids.  Both  Regan  (1904)  and  Gosline 
(1947)  included  astroblepids  in  the  Loricariidae.  Gosline 
(1945)  had  earlier  agreed  with  Eigenmann  and  Eigenmann 
( 1 890)  in  recognizing  astroblepids  as  a separate  family.  Regan 
(1904:201)  united  the  subfamilies  Plecostominae  (=Hypo- 
stominae)  and  Hypoptopomatinae  on  the  basis  of  the  shared 
presence  of  simple,  non-bifid  hemal  spines  and  the  absence 
of  dentition  on  the  pharyngeal  jaws.  The  opposite  states  (pres- 
ence of  bifid  hemal  spines  and  pharyngeal  dentition)  were 
used  to  unite  loricariines,  neoplecostomines,  and  astroblep- 
ids (Argiinae).  However,  these  characters  are  among  those 
likely  to  be  missed  or  mistaken  on  dried  skeletal  material, 
which  was  typically  all  that  was  available  at  the  time.  All 
hypoptopomatines  that  I have  examined  do  in  fact  possess 
bifid  hemal  spines  which  they  share  with  all  Loricariinae. 
Dentition  on  the  pharyngeal  tooth  plates  is  present  in  all 
loricariids  examined.  However,  the  most  common  (but  not 
necessarily  primitive)  condition  of  the  pharyngeal  dentition 
is  one  with  relatively  small  teeth  restricted  to  the  mesial 
margin  of  the  lower  plates,  and  on  a ventral  condyle  and 
margin  of  the  upper  plates.  Yet,  even  if  Regan  had  been 
correct  for  these  features,  the  relationships  proposed  could 
have  been  based  on  the  plesiomorphic  conditions  for  these 
characters.  Regan  (1904)  used  the  plate-like  lateropterygia  to 
unite  astroblepids  with  neoplecostomines  (however,  see  be- 
low). The  lateropterygium  (Shelden,  1937)  is  unique  to  lor- 
icariids and  astroblepids  and  it  is  not  possible  to  determine 
whether  the  expanded,  plate-like  morphology  is  primitive  or 
derived  for  astroblepids  plus  loricariids. 

Gosline  (1947)  offered  a radical  departure  from  the  phy- 
logenetic concept  of  Regan.  Gosline  included  1 1 genera  in 
his  Neoplecostominae,  10  of  which  were  previously  included 
by  Regan  in  the  Plecostominae  (Hypostominae).  Gosline 
( 1 945)  included  Lithogenes  villosus  in  the  Plecostominae,  but 
later  (1947)  elevated  this  species  to  subfamily  rank.  Gosline 
considered  astroblepines  as  the  most  primitive  loricariids, 
primarily  on  the  basis  of  the  high  pectoral-fin  ray  counts  (I, 
9-12),  compared  to  the  lower  counts  (I,  5-8)  in  all  other 
loricariids.  There  is  abundant  evidence  to  support  separate 
family  rank  for  the  Astroblepidae  (Howes,  1983;  Schaefer 
and  Lauder,  1986).  Lithogenes  villosus,  with  a pectoral-fin 
ray  count  of  I,  8,  was  considered  transitional  between  as- 
troblepines and  higher  loricariids.  All  other  loricariids  pos- 
sess six,  rarely  5-7  branched  pectoral-fin  rays.  Gosline  (1947: 
8 1 ) stated  that  this  character  was  the  sole  reason  for  including 
astroblepines  in  the  Loricariidae.  Siluroids  in  general  have 
pectoral-fin  branched  ray  counts  ranging  from  four  to  22, 
with  most  species  possessing  about  eight  branched  rays 
(Lundberg,  1970).  Diplomystes,  regarded  as  the  most  prim- 
itive siluroid  (Fink  and  Fink,  1981),  living  or  extinct  (Grande, 
1987),  has  nine  pectoral-fin  rays.  Callichthyids  and  tricho- 
mycterids  typically  possess  8-9  branched  pectoral-fin  rays. 


28  Contributions  in  Science,  Number  394 


Schaefer:  Loricariid  phylogenetics 


There  is  thus  a sound  basis  for  postulating  5-7  branched 
pectoral-fin  rays  as  derived  within  the  Loricariidae. 

Gosline  (1947)  further  stated  that  loricariines  and  hypo- 
ptopomatines  are  specialized  offshoots  from  the  central 
loricariid  stock.  The  neoplecostomines  were  regarded  as  the 
most  likely  ancestor  for  these  two  groups  since  neoplecos- 
tomines “possess  almost  no  specializations  which  the  Hypo- 
ptopomatinae  and  Loricariinae  do  not  have.”  As  revealed  in 
this  analysis,  many  specializations  of  the  loricariines  and 
hypoptopomatines  are  essentially  autapomorphies. 

Details  of  several  features  of  Lithogenes  villosus,  obtained 
from  examination  of  radiographs,  have  not  been  reported 
elsewhere  and  are  important  for  determination  of  relation- 
ships. Lithogenes  shares  with  Astroblepus:  (1)  the  reduced 
nature  of  the  mesethmoid  disk,  (2)  slender  morphology  of 
the  connecting  bone  between  the  second  dorsal  fin  proximal 
radial  and  the  sixth  rib,  (3)  robust,  Y-shaped  teeth,  as  op- 
posed to  asymmetrically  bifid  teeth  in  the  majority  of  lori- 
cariids,  (4)  the  short,  robust  palatine,  and  (5)  a distally  ex- 
panded secondary  pectoral-fin  radial  element.  Characters  ( 1 ) 
and  (3)  are  also  found  in  Lithoxus  and  Exastilithoxus  in  the 
Ancistrinae,  however,  several  other  congruent  specializations 
shared  by  the  latter  two  genera  suggest  that  these  characters 
were  independently  derived  in  Lithoxus,  Exastilithoxus,  and 
Lithogenes. 

Lithogenes  shares  the  expanded  anterior  anterohyal  with 
all  other  loricariids.  This  feature  is  thought  to  be  associated 
with  modifications  of  structures  associated  with  feeding 
(Schaefer  and  Lauder,  1986).  Lithogenes  also  shares  with  all 
other  loricariids  the  presence  of  dermal  plates.  However,  the 
plates  in  Lithogenes  are  reduced  to  individual  series  on  the 
flank,  caudal  peduncle,  and  dorsal  midline  posterior  to  the 
adipose  fin.  It  is  not  possible  to  determine  whether  the  ab- 
sence of  dermal  armor  in  astroblepids  is  derived  for  loricar- 
ioids.  Callichthyids  share  dermal  armor  with  loricariids,  yet 
the  pattern  of  plating  is  different  (see  character  18)  and  there 
is  no  information  to  support  or  deny  homology  between  these 
patterns.  Scoloplax  dicra  also  has  dermal  plates  that  are  re- 
stricted to  a dorsolateral,  ventrolateral,  and  midventral  series 
(Bailey  and  Baskin,  1976).  Derivation  of  dermal  armor  in 
the  lineage  leading  to  Scoloplax,  callichthyids,  astroblepids, 
and  loricariids,  with  subsequent  loss  in  astroblepids  is  more 
parsimonious  than  the  hypothesis  of  independent  derivation 
in  Scoloplax,  callichthyids,  and  loricariids.  However,  the  re- 
lationships of  Scoloplax  are  not  adequately  understood  to 
choose  between  these  alternatives. 

The  anatomy  of  Neoplecostomus  is  also  poorly  known. 
According  to  Regan  ( 1 904:306),  Neoplecostomus  shares  bifid 
hemal  spines  with  loricariines  and  hypoptopomatines,  and 
the  plate-like  lateropterygium  with  Astroblepus.  However, 
the  lateropterygium  is  not  expanded,  but  slender  in  radio- 
graphs of  Neoplecostomus  microps  (MCZ  7871).  According 
to  Gosline  (1947),  Neoplecostomus  shares  six  branched  pec- 
toral-fin rays  and  comb-shaped  teeth  with  all  loricariids  ex- 
cept Lithogenes.  The  teeth  of  Neoplecostomus  are  asymmet- 
rically bifid  as  in  all  higher  Loricariidae.  The  mesethmoid 
disk  of  Neoplecostomus  microps  is  robust,  unlike  the  con- 
dition in  astroblepids  and  Lithogenes.  Neoplecostomus  shares 


Figure  21.  Phylogenetic  relations  of  the  Lithogeninae  and  Neo- 
plecostominae,  given  the  topology  of  Figure  15.  Putative  synapo- 
morphies  are  indicated  on  the  cladogram  by  the  horizontal  bars:  1. 
Eight  or  fewer  branched  pectoral-fin  rays,  anterohyal  expanded,  la- 
teropterygium slender;  2.  connecting  bone  laterally  expanded,  elon- 
gate palatine,  robust  mesethmoid  disk,  asymmetrically  bifid  teeth, 
seven  or  fewer  pectoral-fin  rays;  3.  slender  secondary  pelvic-fin  radial 
elements. 


with  Lithogenes  and  all  other  loricariids  the  expanded  an- 
terohyal. The  hypohyal  elements  of  the  caudal-fin  skeleton 
in  Neoplecostomus  are  flush  as  in  hypoptopomatines  and 
some  Hypostominae.  The  articulation  of  the  first  anal-fin 
pterygiophore  is  with  centrum  1 5 and  there  are  3 1 pre-ural 
centra.  Neoplecostomus  shares  the  ventromedial  expansion 
of  the  canal-bearing  plate  with  hypoptopomatines  and  lori- 
cariines. The  canal  appears  to  be  branched  within  the  plate, 
a condition  unique  to  Neoplecostomus.  There  is  a single  plate 
between  the  opercle  and  the  canal-bearing  plate.  Also  unique 
to  Neoplecostomus  among  loricariids  is  the  reduced  lateral 
portion  of  the  cleithrum  bearing  the  cleithral  groove  and  the 
corresponding  loss  of  the  spine  locking  mechanism. 

On  the  basis  of  the  evidence  discussed  above,  and  given 
the  results  of  the  numerical  analysis,  the  phytogeny  of  Figure 
21  is  here  proposed  for  the  Loricariidae.  Eight  or  fewer 
branched  pectoral-fin  rays,  the  expanded  anterohyal,  and 
slender  lateropterygium  are  considered  derived  for  loricariids 
(Fig.  21:1).  Neoplecostomus  and  all  higher  loricariids  are  united 
by  the  expanded  connecting  bone,  elongate  palatine,  robust 
mesethmoid  disk,  asymmetrically  bifid  teeth,  and  seven  or 
fewer  pectoral-fin  rays  (Fig.  21:2).  Hypoptopomatines,  lori- 
cariines, hypostomines,  and  ancistrines  are  united  by  the 
slender  pectoral-fin  secondary  radial  elements  (Fig.  21:3),  in 
addition  to  the  characters  presented  in  Figure  15.  Tests  of 
this  phylogenetic  hypothesis  are  dependent  upon  the  avail- 
ability of  additional  skeletal  material. 
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TWO  NEW  SPECIES  OF  OPHIOLEPIS  (ECHINODERMATA:  OPHIUROIDEA) 
FROM  THE  CARIBBEAN  SEA  AND  GULF  OF  MEXICO: 

WITH  NOTES  ON  ECOLOGY,  REPRODUCTION, 

AND  MORPHOLOGY 

Gordon  Hendler*  and  Richard  L.  Turner^ 


ABSTRACT.  Two  new  western  Atlantic  brittlestar  species  are  de- 
scribed: Ophiolepis  gemma  from  deep-reef  habitats  and  O.  ailsae 
from  bathyal  depths.  Ophiolepis  gemma  has  thin,  polygonal  major 
disc  scales  with  light-reflective  edges.  Its  distalmost  arm  segments 
are  longer  than  wide.  Ophiolepis  ailsae  has  tumid  major  disc  scales, 
smoothly  joined  to  nearly  continuous  rows  of  intercalary  scales.  Its 
ventral  arm  surface  is  strongly  furrowed  by  rows  of  depressed  tentacle 
pores  alongside  the  tumid  ventral  arm  plates.  Its  distalmost  arm 
segments  are  wider  than  long.  Ophiolepis  gemma  broods  its  embryos; 
the  mode  of  reproduction  of  O.  ailsae  is  unknown.  There  are  ab- 
normally enlarged  skeletal  plates  in  35%  of  the  O.  gemma  examined. 
Specialized  hooked  distal  arm  spines  are  described  in  both  new 
species  and  for  the  first  time  in  their  congeners.  The  probable  de- 
velopment and  function  of  the  small,  dorsally  directed  hooks  are 
discussed,  and  it  is  suggested  that  they  are  used  in  feeding. 

INTRODUCTION 

Ophiolepis  ailsae  new  species  and  Ophiolepis  gemma  new 
species,  described  in  this  paper,  bring  to  six  the  number  of 
Ophiolepis  species  reported  from  the  western  Atlantic.  These 
new  species  were  first  taken  by  the  U.S.  Coast  Survey  steamer 
BLAKE  in  1878-1879  and  by  the  U.S.  Fish  Commission 
steamer  ALBATROSS  in  1884  and  deposited  in  the  U.S. 
National  Museum  of  Natural  History  and  the  Museum  of 
Comparative  Zoology,  Harvard  University.  Additional  in- 
dividuals of  both  species  were  collected  between  1980  and 
1986  by  dredge  and  trawl  in  the  Gulf  of  Mexico,  by  research 
submersibles  in  the  Bahama  Islands,  and  by  SCUBA  on  the 
Belize  Barrier  Reef. 

Lyman  (1883)  misidentified  specimens  of  the  new  species 
in  the  BLAKE  and  ALBATROSS  collections  as  Ophiozona 
impressa  Lyman,  1865.  The  authorship  was  corrected  to  O. 
impressa  (Liitken,  1859)  in  later  references  to  Lyman’s  ma- 
terial, but  the  misidentification  went  undetected.  Devaney 
(1974)  reduced  the  genus  Ophiozona  Lyman,  1865,  to  the 
synonymy  of  Ophiolepis  Muller  and  Troschel,  1840.  There- 
fore, publications  cited  in  the  synonymies  (below)  presum- 
ably deal  with  mixed  samples  of  Ophiolepis  impressa,  O. 
gemma,  and  O.  ailsae  as  "'Ophiozona  impressa.” 

Contributions  in  Science,  Number  395,  pp.  1-14 
Natural  History  Museum  of  Los  Angeles  County,  1987 


The  recognition  of  O.  gemma  and  O.  ailsae  reinforces 
previous  suggestions  (Hendler  and  Miller,  1984)  that  echi- 
noderm  populations  on  seaward  forereef  slopes  represent  the 
shallow  extension  of  a yet  poorly  sampled  deep-reef  fauna, 
and  that  further  exploration  of  deep-reef  habitats  will  in- 
crease the  known  diversity  of  Caribbean  ophiuroids.  In  ad- 
dition, study  of  these  new  species  illuminates  aspects  of  the 
brooding  mode  of  reproduction  and  functional  morphology 
of  hooked  arm  spines  in  Ophiolepis.  These  points  and  details 
of  the  ecology,  diversity,  and  distribution  of  the  genus  are 
discussed  below. 

The  following  abbreviations  are  used  in  this  paper.  Insti- 
tutions and  agencies:  BLM  — United  States  Bureau  of  Land 
Management;  BMNH— British  Museum  (Natural  History); 
IRCZM  — Indian  River  Coastal  Zone  Museum,  Harbor 
Branch  Oceanographic  Institution;  LACM  — Natural  History 
Museum  of  Los  Angeles  County;  MCZ— Museum  of  Com- 
parative Zoology,  Harvard  University;  USNM  — National 
Museum  of  Natural  History,  Smithsonian  Institution.  Mor- 
phology: dd— disc  diameter;  spec  — specimen. 

SYSTEMATIC  ACCOUNT 
Family  Ophiuridae 
Subfamily  Ophiolepidinae 
Genus  Ophiolepis  Muller  and  Troschel,  1840 

Ophiolepis  gemma  new  species 

Figures  1-3,  5A-E,  H,  8 

Ophiozona  impressa:  Lyman,  1883:225,  as  Ophiozona  im- 
pressa Lyman,  1 865  (incorrect  author  designation),  in  part; 
not  Liitken,  1859. 
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Figure  1.  Ophiolepis  gemma  new  species,  paratype  LACM  83-130.1:  A,  disc,  dorsal  view;  B,  portion  of  disc,  ventral  view;  C,  arm  base, 
lateral  view.  Scale  = 1 mm. 


Ophiozona  impressa:  Verrill,  1 899:8,  as  Ophiozona  impressa 
Lyman,  1865  (incorrect  author  designation),  in  part?;  not 
Lutken,  1859. 

Ophiozona  impressa:  Clark,  1915:337,  in  part;  not  O.  im- 
pressa Lutken,  1859.  [See  Introduction  regarding  misiden- 
tification  of  the  species.] 

ETYMOLOGY.  Gemma,  a noun  in  apposition  from  the 
Latin  gemma  meaning  “bud  (as  on  a plant)”  and  meta- 
phorically “gem,  jewel”;  applied  in  reference  to  the  faceted, 
reflective  scales  adorning  the  dorsal  surface  of  the  disc. 

MATERIAL  EXAMINED.  Unless  otherwise  stated,  all 
specimens  are  preserved  in  alcohol,  and  all  specimens  from 
Belize  were  collected  ESE  of  Carrie  Bow  Cay  on  the  seaward 
slope  of  the  Belize  Barrier  Reef,  at  16°48.14'N,  88°04.50'W, 
by  G.  Hendler,  with  the  assistance  of  divers  cited  in  Ac- 
knowledgments. 

Type  material.  BELIZE;  (LACM  86-34.1),  holotype,  Sta. 
CBC-86-3,  3 Apr.  1986,  80  ft.,  poison  station,  SCUBA; 


(LACM  83-130.1),  1 dry  paratype,  and  (LACM  83-130.2), 
4 alcoholic  paratypes,  Sta.  Belize-83  No.  2,  2 Apr.  1983,  80 
ft.,  poison  station,  SCUBA;  (LACM  83-131.1),  1 dry  para- 
type, Sta.  Belize-83  No.  9,  6 Nov.  1 983,  80  ft.,  poison  station, 
SCUBA;  (BMNH  1987.5.1.2),  4 paratypes,  Sta.  Belize-83 
No.  9,  6 Nov.  1983,  80  ft.,  poison  station,  SCUBA;  (LACM 
80-86.1),  1 paratype,  Sta.  Belize-80  No.  20,  28  March  1980, 
70-80  ft.,  in  Halimeda.  SCUBA;  (LACM  83-132.1),  7 para- 
types, Sta.  Belize-83  No.  3,  3 Apr.  1 983,  80  ft.,  poison  station, 
SCUBA;  (USNM  E34357),  3 paratypes,  Sta.  Belize-83  No. 
11,  8 Nov.  1983,  80  ft.,  poison  station,  SCUBA;  (USNM 
E34358),  10  paratypes,  Sta.  CBC-85-6,  15  Jun.  1985,  75  ft., 
poison  station,  SCUBA;  (IRCZM  74:503),  2 paratypes,  Sta. 
CBC-86-3 1,  8 Apr.  1986,  E of  Curlew  Cay  on  the  seaward 
forereef  slope  of  the  Belize  Barrier  Reef,  16°47.38'N, 
88°04.54'W,  70  ft.,  poison  station,  SCUBA. 

Non-type  material.  BELIZE:  (LACM  83-131.2),  1 spec, 
Sta.  Belize-83  No.  9,  6 Nov.  1983,  80  ft.,  poison  station, 
SCUBA;  (LACM  83-132.2),  1 spec,  Sta.  Belize-83  No.  3,  3 
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Figure  2.  Ophiolepis  gemma  new  species,  holotype  LACM  86- 
34.1:  disc,  dorsal  view.  Scale  = 1 mm. 


Apr.  1983,  80  ft.,  poison  station,  SCUBA;  (LACM  83-1 33. 1), 
1 spec,  6 Nov.  1983,  sand  bores  between  Carrie  Bow  Cay 
and  Wee  Wee  Cay,  Belize  Barrier  Reef  Lagoon,  16°46.40'N, 
88°06.80'W,  10-20  ft.,  under  rubble,  SCUBA;  (LACM  83- 
134.1),  2 spec,  Sta.  Belize-83  No.  10,  7 Nov.  1983,  80  ft., 
poison  station,  SCUBA;  (LACM  8 5- 1 64. 1 ),  5 spec,  Sta.  CBC- 
85-5,  14  Jun.  1985,  E of  Southwater  Cay  on  the  seaward 
forereef  slope  of  the  Belize  Barrier  Reef,  16°49.07'N, 
88°04.55'W,  70  ft.,  poison  station,  SCUBA;  (LACM  86-34.2), 

I spec,  Sta.  CBC  86-3,  3 Apr.  1986,  80  ft.,  poison  station, 
SCUBA;  (USNM  E34359),  3 spec,  Sta.  CBC-86-20,  6 Apr. 
1986,  80  ft.,  poison  station,  SCUBA;  (LACM  86-43.1),  3 
spec,  Sta.  CBC-86-20,  6 Apr.  1986,  80  ft.,  poison  station, 
SCUBA;  (USNM  E34360),  4 spec,  Sta.  CBC-86-31,  8 Apr. 
1986,  E of  Curlew  Cay  on  the  seaward  forereef  slope  of  the 
Belize  Barrier  Reef,  16°47.38'N,  88°04.54'W,  70  ft.,  poison 
station,  SCUBA;  (LACM  86-59.1),  1 spec,  Sta.  CBC-86-42, 
10  Apr.  1986,  E of  Southwater  Cay  on  the  seaward  forereef 
slope  of  the  Belize  Barrier  Reef,  16°49.07'N,  88°04.55'W,  70 
ft.,  poison  station,  SCUBA.  SOUTHWEST  FLORIDA, 
GULF  OF  MEXICO:  (USNM  E34361),  1 dry  spec,  BLM 
Southwest  Florida  Shelf  Ecosystems  Study,  Year  2,  Cruise 

II  (BLM  321-11),  Sta.  23a,  1 Aug.  1981,  25°16.89'N, 
83°37.79'W,  70-73  m,  triangle  dredge;  (USNM  E34362),  1 
spec,  BLM  321-11,  Sta.  29b,  4 Aug.  1981,  24°47.51'N, 
83M1.19'W,  60-65  m,  triangle  dredge;  (USNM  E34363),  1 
dry  spec,  BLM  Southwest  Florida  Shelf  Ecosystems  Study, 
Year  1,  Cruise  IV  (BLM  210-IV),  Sta.  29,  24  Apr.  1981, 


Figure  3.  Ophiolepis  gemma  new  species,  paratype  LACM  83- 
131.1:  disc  and  one  arm,  dorsal  view.  Scale  = 1 mm. 
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Figure  4.  Distribution  of  the  number  of  arm  spines  on  the  arm 
segments  of  the  holotypes  of  O.  gemma  new  species  (A)  and  Ophio- 
lepis  ailsae  new  species  (B).  Consecutive  arm  segments  numbered 
from  arm  base  to  arm-tip.  The  range  for  number  of  arm  spines  on 
each  segment  reflects  variation  among  different  arms  of  the  speci- 
men. 


24°47.5TN,  83°41.19'W,  61  m,  triangle  dredge.  BARBA- 
DOS: (MCZ  33 1 ),  2 dry  spec,  BLAKE  Sta.  278,  6 Mar.  1879, 
13°04'50"N,  59°47'40"W,  69  fm,  coral/broken  shell  and 
BLAKE  Sta.  280,  6 Mar.  1879,  12°57'40"N,  59°36'50"W, 
221  fm,  sand  (MCZ  lot  consists  of  specimens  from  two 
BLAKE  stations  combined);  (MCZ  7429),  1 spec,  BLAKE 
Sta.  272,  5 Mar.  1879,  13°04'12"N,  59°26'45"W,  76  fm,  cor- 
al/broken shell,  BLAKE  Sta.  278,  6 Mar.  1879,  13°04'50"N, 
59°47'40"W,  69  fm,  coral/broken  shell  or  BLAKE  Sta.  298, 
10  Mar.  1879,  1 3°03'28"N,  59“37'40"W,  1 20  fm,  rock  (spec- 
imen separated  from  MCZ  8 1 9,  consisting  of  three  specimens 
from  three  BLAKE  stations  combined  as  one  lot;  all  three 
specimens  originally  identified  as  Ophiozona  impressa). 

DIAGNOSIS.  Dorsal  surface  of  disc  convex;  interradial 
dorsal  field  with  three  columns  of  major  scales.  Major  disc 
scales  polygonal,  with  straight  edges  reflecting  light  (espe- 
cially evident  in  small  wet  specimens).  Major  scales  thin; 
margins  slightly  tumid,  raised  above  intercalary  scales.  Small, 
flat  intercalary  scales  forming  single  continuous  rows  sepa- 
rating large  scales  only  in  large  specimens.  Radial  primary 
plates  separated  by  several  wedge-shaped  scales.  Radial  shields 
thin,  smooth.  Oral  shields  about  as  wide  as  long.  Proximal 
one-third  of  each  arm  segment  constricted;  segments  at  arm- 
tip  longer  than  wide.  Dorsal  arm  plates  separated  by  lateral 


arm  plates  beginning  at  segments  3-19.  Accessory  dorsal  arm 
plates  only  on  proximal  few  arm  segments.  Three  arm  spines 
on  most  segments.  Proximal  ventral  arm  spine  about  one- 
half  length  of  arm  segment;  longer  than  dorsal  arm  spine. 
Adradial  tentacle  scales  below  disc  generally  smaller  than 
abradial  scales. 

DESCRIPTION  OF  HOLOTYPE.  Disc  diameter  6.2  mm; 
arm  length  exceeds  26  mm;  longest  arm  broken.  Disc  nearly 
circular;  dorsal  surface  convex,  with  mid-dorsal  region  flat- 
tened; interradial  region  sloping  ventrad;  ventral  surface  flat. 
Arms  slender,  gradually  tapering;  dorsal  surface  rounded; 
ventral  surface  with  slight  convexity  along  midline.  Segments 
at  arm-tip  longer  than  wide. 

Most  major  disc  scales  about  as  long  as  wide,  raised  above 
small  intercalary  scales;  margins  thickened,  angular,  with 
straight  edges  joined  at  obtuse  angles.  Central  plate  nearly 
circular;  diameter  0.58  mm.  Radial  plates  with  maximum 
width  0.60  mm.  Intercalary  scales  flat,  irregularly  shaped,  in 
single  row,  forming  continuous  border  at  distal  edge  of  all 
but  peripheral  major  dorsal  disc  scales. 

One  to  three  wedge-shaped  scales  between  adjacent  radial 
primary  plates.  Radial  dorsal  field  of  disc  with  three  major 
scales  distal  to  each  radial  primary  plate;  distalmost  scale 
largest,  inserted  between  radial  shields.  Radial  shields  nearly 
triangular,  with  slight  adradial  lobe;  surface  smooth.  Two 
accessory  radial  shields  distal  to  radial  shields  linked  by  small 
scale  with  three  rounded  edges.  Interradial  dorsal  field  of  disc 
with  three  columns  of  major  scales;  central  column  with  five 
scales  equal  to  or  larger  than  five  scales  of  each  lateral  column. 
Several  interradii  with  subdivided  major  scale  in  central  col- 
umn. 

Each  jaw  bearing  a single  apical  oral  papilla,  and  five  pairs 
of  lateral  oral  papillae.  Distad  to  apical  papilla,  first  and 
second  papillae  pointed,  quadrilateral  (second  sometimes  di- 
vided into  two  smaller  papillae);  third  papilla  quadrilateral; 
fourth  papilla  largest  with  broadly  rounded  lateral  margin; 
fifth  papilla  (=buccal  tentacle  scale)  elongate,  attached  to 
adoral  shield,  free  end  extending  dorsad  to  fourth  papilla. 

Oral  shield  with  edges  tumid,  central  region  depressed; 
approximately  as  wide  as  long;  proximal  margins  concave, 
meeting  at  acute  point;  distal  margin  nearly  semicircular. 
Madreporite  with  single,  large  hydropore.  Adoral  shields 
tumid;  pairs  appear  contiguous,  but  separated  by  microscopic 
gap. 

Genital  slit  extending  from  oral  shield  to  third  ventral  arm 
plate;  bordered  by  long  distal  genital  scale  and  2-3  small 
scales  proximad.  Ventral  interbrachial  field  of  disc  with  about 
20  large  scales  and  several  smaller  scales. 

Proximal  dorsal  arm  plates  appear  quadrilateral;  two  prox- 
imal sides  meeting  at  acute  point;  two  distal  sides  forming 


Figure  5.  SEM  micrographs  of:  Ophiolepis  gemma  new  species— A,  B,  lateral  view  of  arm  showing  region  with  hooked  dorsal  arm  spines 
(A)  6-9  segments  from  tip  and  (B)  1-4  segments  from  tip  and  terminal  plate;  C-E,  segments  near  arm-tip  of  three  individuals  at  higher 
magnification  showing  hooked  and  straight  arm  spines;  H,  detail  showing  hooked  arm  spine.  Ophiolepis  ailsae  new  species— F,  hooked  and 
straight  arm  spines  on  segment  near  arm-tip;  G,  dorsal  view  of  arm  near  tip  showing  orientation  of  hooked  dorsal  arm  spines;  I,  detail  showing 
hooked  arm  spine.  Scale  = 100  fim  (A,  B,  F,  G);  50  (C,  E);  25  pm  (D,  H,  I). 
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Figure  6.  Size-frequency  distributions  of  Ophiolepis  gemma  new 
species  and  Ophiolepis  ailsae  new  species,  based  on  disc  diameter. 


obtuse  angle.  Plates  of  first  38  segments  overlap,  concealing 
proximal  apex  of  plate.  Distal  plates  nearly  triangular;  distal 
margin  with  small  medial  lobe.  Accessory  dorsal  arm  plates 
minute,  occurring  only  on  first  2-4  arm  segments. 

Lateral  arm  plates  in  dorsal  view  narrowed  proximally, 
flared  distally.  Proximal  one-third  of  each  arm  segment 
abruptly  constricted,  distal  portion  broad. 

Arm  spines  minute;  base  and  middle  of  spine  thick,  grad- 
ually narrowing  to  blunt  point.  Ventralmost  spine  near  disc 
thicker  than  dorsal  spines,  having  broad  rounded  tip,  some- 
what compressed  shaft.  Dorsalmost  spine  usually  smallest, 
much  less  than  one-half  segment  length;  ventralmost  spine 
longest,  nearly  one-half  segment  length.  Spines  usually  three 
on  each  side  of  arm  segment;  0-1  on  first  segment,  one  on 
second  segment,  1-2  on  third  segment,  generally  three  on 
subsequent  distal  segments,  rarely  four  spines  (Fig.  4A).  Dor- 
salmost spine  beginning  with  segment  44  bearing  glassy  ter- 
minal hook,  often  with  secondary  barb  (Fig.  5A-E,  H). 

Ventral  arm  plates  overlapping  until  segment  49,  then  sep- 
arated by  lateral  arm  plates.  Plates  beneath  disc  appear  broader 
than  long,  flattened;  plates  beyond  disc  longer  than  broad, 
with  slight  medial  ridge. 

Two  semicircular  tentacle  scales  forming  ovoid  operculum 
over  each  tentacle  pore;  long  axis  of  operculum  approxi- 
mately one-half  length  of  ventral  arm  plate.  Single  miniscule 
tentacle  scale  on  ventral  arm  plate  concealed  by  operculum. 
Adradial  tentacle  scale  conspicuously  smaller  than  abradial 
scale  even  below  disc.  Both  scales  diminishing  in  size  towards 
arm-tip. 

Color  of  dried  holotype.  Most  disc  scales  white,  some  or- 
ange, all  stippled  with  microscopic,  reddish-orange  specks. 
Specks  most  numerous  along  margins  of  scales.  Some  disc 
scales  with  eonspicuous  reddish  spots;  radial  shields  with 


large  reddish  spot  at  distal  corner.  Arms  banded;  groups  of 
1-3  white  dorsal  and  lateral  arm  plates  alternating  with  or- 
ange or  brown  plates.  Specks  stipple  dorsal  arm  plates,  fewer 
on  lateral  arm  plates;  spots  on  ventral  arm  plates  rare.  Pig- 
mentation of  lateral  arm  plates  continues  to  ventral  surface 
of  arm.  Scattered  red  or  brown  specks  on  ventral  arm  plates. 
Arm  spines  with  one  to  several  orange  or  brown  specks  near 
base.  Interradial  scales  at  disc  edge  speckled;  proximal  scales 
gray.  Oral  frame  white. 

VARIATIONS.  Size.  Disc  diameters  of  59  specimens 
measured  range  from  1.9  to  6.2  mm  (Fig.  6).  The  arms  are 
long  and  slender  (Fig.  3),  length  ranging  from  8 mm  for  a 
specimen  of  2.2  mm  dd  to  19  mm  for  a specimen  of  3.5  mm 
dd  and  exceeding  26  mm  for  a specimen  of  6.2  mm  dd.  The 
ratios  of  dd/arm  length  range  from  3.4  to  5.6  (x  = 4.8). 

Disc.  Scales  thin,  polygonal  with  some  straight,  sharp  edges. 
Sharp  edges  of  scales  of  wet  specimens,  especially  small  in- 
dividuals, reflect  light,  appearing  bright  under  microscope 
illumination.  Small  specimens  have  a relatively  irregular  and 
incomplete  row  of  intercalary  scales  bordering  the  major  disc 
scales  (Fig.  3),  but  specimens  exceeding  3.6  mm  dd  tend  to 
have  a more  uniform,  continuous  row  around  most  of  the 
major  scales  (Figs.  lA,  2).  Arrangement  of  the  large  dorsal 
disc  scales  differs  little  from  the  holotype  (Fig.  2)  except  in 
very  small  individuals.  The  central  primary  plate  ranges  from 
0.38  mm  diameter  in  a specimen  of  2.3  mm  dd  to  0.64  mm 
in  a specimen  of  4.3  mm  dd.  Adoral  shields  may  be  contig- 
uous or  separated  by  a microscopic  gap. 

Arms.  The  arm  segments  are  characterized  by  an  abrupt 
proximal  constriction,  a feature  that  is  most  pronounced  in 
small  specimens  (Fig.  3).  However,  even  in  larger  individuals 
(3. 8-6. 2 mm  dd)  constrictions  are  evident  within  a few  seg- 
ments beyond  the  disc  and  are  most  pronounced  at  the  distal 
end  of  the  arm  (Fig.  5A,  B).  Accessory  dorsal  arm  plates 
characteristically  appear  only  on  the  most  proximal  portion 
of  the  arm  (e.g..  Figs.  1 A,  3:  on  the  first  arm  segment  beyond 
the  disc).  In  many  cases  accessory  plates  are  not  present  on 
all  arms  of  an  individual.  There  are  14  specimens  without 
visible  accessory  plates  on  any  arm,  30  with  accessory  plates 
only  on  the  first  arm  segment  beyond  the  disc,  and  1 3 with 
accessory  plates  on  segments  2-4  beyond  the  disc.  The  dorsal 
arm  plates  are  in  contact  for  the  proximal  0-38  arm  segments; 
in  91%  of  the  individuals  the  dorsal  arm  plates  are  separated 
by  lateral  arm  plates  beginning  at  segments  3-19.  Ventral 
arm  plates  are  in  contact  on  the  proximal  2-49  arm  segments, 
but  in  90%  of  the  individuals  they  are  separated  by  lateral 
arm  plates  beginning  at  segments  3-12.  There  is  0-1  spine 
on  each  side  of  the  first  arm  segment,  1-2  spines  (rarely  three) 
on  the  second,  2-3  (rarely  one)  on  the  third,  three  (rarely 
four)  on  the  fourth  (Fig.  4A).  Except  for  the  very  large  ho- 
lotype, 48  specimens  lack  arm  segments  with  four  arm  spines, 
and  eight  specimens  have  four  arm  spines  on  one  or  two 
arms.  The  segments  bearing  four  arm  spines  are  generally  on 
the  proximal  portion  of  the  arm,  on  segments  3-42,  with 
55%  occurring  on  segments  four  and  five,  and  78%  on  seg- 
ments 4-7.  Arm  segments  with  two  spines  are  restricted  to 
six  or  fewer  of  the  terminal  arm  segments  except  for  very 
small  specimens. 
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Hooked  dorsal  arm  spines  (Fig.  5A-E,  H)  occur  on  the 
outer  one-third  to  one-half  of  the  arm,  hooks  beginning  on 
segments  1 1-44  depending  on  the  size  of  the  animal  (Fig.  7). 
In  rare  cases,  the  middle  spine  is  slightly  hooked  (noted  only 
in  three  specimens  with  2.3,  3.4,  and  3.5  mm  dd)  (compare 
Fig.  5D-E).  The  ventral  arm  spine  is  usually  longer  than  the 
dorsal  and  middle  spines,  and  the  middle  spine  is  frequently 
longer  than  the  dorsalmost  (Fig.  5A-E).  The  ventral  spine  is 
equal  to  or  slightly  less  than  half  the  length  of  the  arm  segment 
except  in  one  small  individual  (2.2  mm  dd)  with  all  arm 
spines  conspicuously  less  than  half  the  length  of  the  arm 
segment. 

There  are  abnormally  enlarged  skeletal  plates  (Fig.  8)  in 
35%  of  the  specimens,  including  individuals  from  Florida 
and  Belize.  Usually  a few  of  the  lateral  arm  plates  of  the 
specimen  are  affected,  but  in  several  cases  plates  of  the  oral 
frame  and  dorsal  surface  of  the  disc  are  swollen.  In  small 
specimens,  the  enlarged  plates  are  thin  and  expanded,  form- 
ing a cavity  in  the  plate.  In  large  specimens  the  swelling  is 
composed  of  solid  skeletal  material.  Histological  examina- 
tion is  needed  to  determine  the  cause  of  this  disfigurement, 
as  dissection  of  several  specimens  under  a stereomicroscope 
did  not  reveal  parasitic  invasion  of  the  abnormal  plates. 

Color  of  preserved  specimens.  Intensity  of  pigmentation 
varies  directly  with  specimen  size.  Some  small  alcoholic  spec- 
imens completely  lack  pigment.  Disc  scales  gray-white,  dark- 
er gray  near  center  of  disc.  Reddish  or  brownish  microscopic 
specks  on  dorsal  and  ventro-lateral  disc  scales,  dorsal  and 
some  lateral  arm  plates,  particularly  pronounced  at  scale/ 
plate  margin.  Number  of  specks  on  a dorsal  arm  plate  ranging 
from  about  eight  in  small  specimens  to  over  20  in  large 
specimens.  Radial  shields  often  with  conspicuous  spots  at 
distal  corners.  Arms  often  faintly  banded.  Specimens  white 
ventrally,  rarely  with  dark  specks  on  ventral  arm  plates. 

Color  of  living  specimens.  Disc  pale  reddish  overall,  gray 
at  center.  Some  primary  plates  and  large  disc  scales  yellow, 
orange  or  pale  tan.  Large  dorsal  disc  scales  thin,  transmitting 


Disc  diameter  (mm) 

Figure  7.  Scatter  plot  for  Ophiolepis  gemma  new  species,  showing 
most  proximal  arm  segment  with  hooked  arm  spines  as  a function 
of  disc  diameter.  As  specimens  grow  larger,  the  most  proximal  hooked 
spine  occurs  increasingly  nearer  the  arm-tip. 

dark  color  of  underlying  viscera.  Arms  banded  with  reddish 
and  white,  darkest  proximad.  Some  dorsal  arm  plates  brown- 
ish-orange and  adjacent  lateral  arm  plates  orange-tan  or  pale 
brown  with  darker  edge;  dark  lateral  arm  plate  pigmentation 


Figure  8.  SEM  preparations  of  Ophiolepis  gemma  new  species,  with  abnormally  enlarged  skeletal  plates:  (A)  arm  segment  on  left  with 
enlarged  dorsal  arm  plate  (paired  arrows),  segment  on  right  with  abnormal  lateral  arm  plate  (single  arrow);  (B)  arm  segment  on  left  with 
enlarged  lateral  arm  plate  (single  arrow),  segment  on  right  is  normal.  Scale  = 100  pm. 
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Figure  9.  Geographical  distribution  of  Ophiolepis  gemma  new  species  and  Ophiolepis  ailsae  new  species. 


extends  to  ventral  surface.  Many  disc  scales  and  dorsal  arm 
plates  speckled  with  orange  or  reddish-brown.  Radial  shields 
often  with  orange-brown  spots  at  distal  corners.  Some  disc 
and  arm  plates  have  dark  rust-brown  spots.  Spines  usually 
white.  Overall  eolor  of  ventral  surface  white;  ventral  arm 
plates  may  be  very  pale  brown.  Proximal  ventral  arm  plates 
and  interradial  plates  of  disc  often  gray  at  center.  Small  spec- 
imens relatively  pale,  with  gray  disc  and  whitish  arms;  rel- 
atively few  red  flecks.  Dorsal  and  lateral  arm  plates  pale  tan 
for  1-3  segments,  alternating  with  1-3  lighter  segments. 

COMPARISONS.  The  disc  scales  of  O.  gemma  are  thin 
and  flat;  the  terminal  arm  segments  are  longer  than  wide.  In 
O.  ailsae  the  major  disc  scales  are  tumid  and  the  terminal 
arm  segments  are  wider  than  long.  Contrasts  with  other  con- 
geners are  discussed  after  the  description  of  O.  ailsae. 

DISTRIBUTION.  Southern  Gulf  of  Mexico,  Belize,  Bar- 
bados (Fig.  9);  generally  from  21  to  139  m (one  exceptional 
Belizean  specimen  from  approximately  5 m depth;  BLAKE 
specimens  from  off  Barbados  possibly  as  deep  as  404  m as 
indicated  in  Material  Examined). 

ECOLOGY.  Most  O.  gemma  from  Belize  were  collected 
between  21  and  24  m on  the  seaward  forereef  wall  of  the 
Belize  Barrier  Reef  The  wall  is  rough  and  steep  (usually  50- 
70°  angle)  with  scattered  concentrations  of  sponges,  gorgo- 
nians,  large  platelike  corals,  and  smaller  corals  (Hendler  and 
Miller,  1984:459).  Many  individuals  were  collected  as  they 


emerged  following  the  release  of  ichthyocide  (“Noxfish”)  near 
large  mounds  of  the  coral,  Montastrea  annularis  (Ellis  and 
Solander),  in  habitats  with  other  corals,  sponges,  and  algae. 
The  species  seems  to  live  primarily  in  pockets  of  Halimeda 
sand  and  in  the  ealcareous  alga  Halimeda  sp.,  and  was  some- 
times collected  by  hand  from  Halimeda  or  from  sediment 
and  broken  corals.  The  most  abundant  motile  macrofauna 
collected  with  O.  gemma  were  other  ophiuroids,  particularly 
Ophioderma  rubicundum  Liitken,  Ophiocoma  paucigranu- 
lata  Devaney,  and  Ophiurochaeta  spp. 

One  specimen  of  O.  gemma  was  collected  at  a site  in  shal- 
low water  in  the  barrier  reef  lagoon  from  a sand  bore  at  3- 
6 m.  Bottom  cover  at  the  site  was  composed  chiefly  of  the 
corals  Acropora  palmata  Lamarck  and  A.  cervicornis  La- 
marck, brain  corals,  coral  rubble,  sponges,  and  gorgonians 
(with  colonies  of  Montastrea  sp.  occurring  below  4.6  m).  The 
area  was  heavily  silted,  and  Halimeda  flakes  were  a major 
component  of  the  sediment.  It  is  not  clear  if  this  record  is 
anomalous  or  affinities  of  the  lagoonal  sand-bore  habitat  with 
the  deep  reef  (low  energy  habitat  with  pockets  of  silt  and 
Halimeda  sand)  could  provide  suitable  conditions  for  pop- 
ulations of  the  species  in  shallow  water.  However,  in  nu- 
merous shallow- water  collections  made  off  Belize  during  the 
last  five  years  (by  G.H.  and  colleagues)  this  is  the  only  in- 
stance of  O.  gemma  occurring  at  less  than  2 1 m depth. 

On  the  southwest  Florida  shelf,  individuals  were  collected 
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at  three  stations  between  60  and  73  m,  from  a pavement  of 
coralline-algal  nodules  with  some  sand  and  rocky  outcrops. 
Epibiotic  cover  varied  seasonally  from  25.9  to  68.0%  at  one 
site  to  64.5  to  89.7%  at  a second  site.  Over  316  taxa  were 
recorded  from  each  of  two  sites,  chiefly  sponges,  crustaceans, 
cnidarians,  fishes,  and  echinoderms  (K.  Spring,  pers.  comm.). 
Specimens  from  Barbados,  collected  with  shipboard  gear, 
were  taken  at  greater  depths,  extending  the  species’  bathy- 
metric range  to  a depth  of  at  least  139  m. 

It  appears  that  many  individuals  are  attacked  by  predators. 
Single  regenerating  arms  were  noted  in  12  specimens,  two 
regenerating  arms  in  five  specimens,  and  three  regenerating 
arms  in  one  specimen.  Thus,  at  least  18  (31%)  of  the  59 
specimens  examined  for  repair  have  regenerating  arms. 

Ophiolepis  gemma  was  almost  invariably  collected  with 
its  congener,  O.  impressa.  The  species  co-occurred  at  1 1 of 
1 3 stations  off  Belize  and  were  present  in  one  suite  of  stations 
made  by  the  BLAKE  off  Barbados. 

REPRODUCTION.  At  least  two  of  the  specimens  from 
Carrie  Bow  Cay,  Belize,  held  embryos  in  their  bursae.  A 
brooding  specimen  3.3  mm  dd  was  collected  8 Nov.  1983; 
another  3.6  mm  dd  was  collected  3 Apr.  1983.  The  larger 
specimen  was  partially  dissected,  revealing  five  embryos  in 
one  interradius,  all  at  a developmental  stage  with  only  ter- 
minal arm  plates.  Since  brooding  was  detected  only  by  ex- 
ternal observations,  it  is  likely  that  some  brooding  individ- 
uals were  overlooked  and  that  other  (possibly  smaller  and 
larger)  individuals  could  have  been  sexually  mature.  Data 
are  too  few  to  infer  the  seasonality  of  reproductive  activity. 
However,  the  occurrence  of  embryos  at  the  same  stage  of 
development  in  one  specimen  is  suggestive  of  synchronous 
brooding  in  that  individual. 

Ophiolepis  ailsae  new  species 

Figures  5F,  G,  I,  10 

Ophiozona  impressa:  Lyman,  1883:225,  as  Ophiozona  im- 
pressa Lyman,  1 865  (incorrect  author  designation),  in  part; 
not  Lutken,  1 859. 

Ophiozona  impressa:  Verrill,  1 899:8,  as  Ophiozona  impressa 
Lyman,  1865  (incorrect  author  designation),  in  part?;  not 
Lutken,  1859. 

Ophiozona  impressa:  Koehler,  1914:1 50,  in  part;  not  Lutken, 
1859.  Clark,  1915:337,  in  part;  not  Lutken,  1859.  [See 
Introduction  regarding  misidentifications  of  the  species.] 

ETYMOLOGY. /I //sac,  a noun  in  the  genitive  case  to  hon- 
or Miss  Ailsa  McGown  Clark;  in  recognition  of  a highly 
esteemed  student  of  the  Echinodermata  on  her  retirement 
from  the  British  Museum  (Natural  History). 

MATERIAL  EXAMINED.  All  specimens  are  preserved 
dry  unless  stated  otherwise. 

Type  material.  ELEUTHERA,  BAHAMA  ISLANDS: 
(LACM  84-167.1),  holotype,  R/V  JOHNSON  Cruise  161, 
JOHNSON  SEA-LINK  II  Dive  810,  10  Apr.  1984, 
25°35.57'N,  76°44.27'W,  off  Riley  Pt.,  Eleuthera,  270  m. 
Temp.  = 17.50°C,  coll.  G.  Hendler,  P.  Kier,  T.  Askew,  C. 
Chulamanis.  SOUTHWEST  FLORIDA,  GULF  OF  MEX- 


ICO: (LACM  81-84.1),  1 paratype,  BLM  Southwest  Florida 
Shelf  Ecosystems  Study,  Year  2,  Cruise  II  (BLM  321-11)  Sta. 
38a,  2 Aug.  1981, 25°16.50'N,  84°14.77'W,  156-161  m,  otter 
trawl;  (LACM  81-85.1),  1 paratype,  BLM  321-11  Sta.  38c,  2 
Aug.  1981,  25°16.50'N,  84°14.77'W,  156-161  m,  triangle 
dredge;  (USNM  E34364),  1 paratype,  BLM  321 -III  Sta.  38b, 
10  Feb.  1982,  25°16.50'N,  84°14.77'W,  156-161  m,  triangle 
dredge;  (IRCZM  74:504),  1 paratype,  BLM  321 -III  Sta.  38c, 
8 Feb.  1982,  25°16.50'N,  84°14.77'W,  156-161  m,  triangle 
dredge;  (BMNH  1987.5.1.1),  1 paratype,  BLM  321 -III  Sta. 
38c,  8 Feb.  1982,  25°16.50'N,  84°14.77'W,  156-161  m,  tri- 
angle dredge.  CUBA:  (USNM  12441),  4 paratypes,  ALBA- 
TROSS Sta.  2327,  17  Jan.  1885,  23°11'45"N,  82°17'54"W, 
182  fm,  tangles  bar;  (USNM  E31661),  1 paratype,  ALBA- 
TROSS Sta.  2163,  30  Apr.  1884,  23°10'31"N,  82°20'29"W, 
133  fm,  tangles  bar. 

Non-type  material.  SOUTHWEST  FLORIDA,  GULF  OF 
MEXICO:  (USNM  E34365),  1 spec,  BLM  321-11  Sta.  38a, 
2 Aug.  1981,  25°16.50'N,  84°14.77'W,  156-161  m,  triangle 
dredge;  (USNM  E34366),  1 spec,  BLM  321 -III  Sta.  35c,  7 
Feb.  1982,  25°44.84'N,  84°2L03'W,  158-164  m,  triangle 
dredge;  (USNM  E34367),  2 spec,  BLM  321 -III  Sta.  38c,  8 
Feb.  1982,  25°16.50'N,  84°14.77'W,  156-161  m,  triangle 
dredge.  CUBA:  (USNM  12395),  1 spec,  ALBATROSS  Sta. 
2166,  1 May  1884,  23°10'36"N,  82“20'30"W,  196  fm,  tangles 
bar;  (USNM  15288),  3 spec,  ALBATROSS  Sta.  2322,  17 
Jan.  1885,  23°10'54"N,  82°17'45"W,  115  fm,  tangles  bar; 
(USNM  15304),  5 spec,  ALBATROSS  Sta.  2345,  20  Jan. 
1 885,  23°10'40"N,  82°20'  1 5"W,  1 84  fm,  tangles  bar;  (USNM 
15365),  6 spec,  ALBATROSS  Sta.  2336,  19  Jan.  1885, 
23°10'48"N,  82°18'52"W,  157  fm,  tangles  bar;  (USNM 
15366),  2 spec,  ALBATROSS  Sta.  2326,  17  Jan.  1885, 
23°11'45"N,  82°18'54"W,  194  fm,  tangles  bar;  (MCZ  326), 
1 spec,  BLAKE  Cruise  — Bartlett  Sta.  29,  1880,  21°23T9"N, 
82°54'42"W,  300  fm.  ST.  CROIX:  (MCZ  329),  2 spec,  BLAKE 
Sta.  132,  5 Jan.  1878,  17°37'55"N,  64°54'20"W,  117  fm, 
rock/shell.  BARBADOS:  (MCZ  7430),  1 alcoholic  spec, 
BLAKE  Sta.  272,  5 Mar.  1879,  13°04T2"N,  59°26'45"W,  76 
fm,  coral/broken  shell,  BLAKE  Sta.  278,  6 Mar.  1879, 
1 3°04'50"N,  59°47'40"W,  69  fm,  coral/broken  shell  or  BLAKE 
Sta.  298,  10  Mar.  1879,  13°03'28"N,  59°37'40"W,  120  fm, 
rock  (specimen  separated  from  MCZ  819,  consisting  of  three 
specimens  from  three  BLAKE  stations  combined  as  one  lot; 
all  three  specimens  originally  identified  as  Ophiozona  im- 
pressa). 

DIAGNOSIS.  Dorsal  surface  of  disc  convex;  interradial 
dorsal  field  with  three  columns  of  major  scales.  Major  disc 
scales  tumid,  appearing  smoothly  joined  to  surrounding  in- 
tercalary scales.  Radial  shields  smooth.  Intercalary  scales 
forming  irregular  to  tessellate,  nearly  continuous  single  rows 
separating  most  large  scales.  Radial  primary  plates  separated 
by  several  wedge-shaped  scales.  Oral  shields  longer  than  wide. 
Arm  segments  not  markedly  constricted,  wider  than  long  at 
arm-tip.  Dorsal  arm  plates  separated  by  lateral  arm  plates 
beginning  at  segments  18-39.  Accessory  dorsal  arm  plates 
present  on  proximal  13-16  arm  segments.  Ventral  surface  of 
arms  with  tentacle  pores  in  depressed  furrows  alongside  tu- 
mid ventral  arm  plates.  Three  arm  spines  on  most  arm  seg- 
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Figure  10.  Ophiolepis  ailsae  new  species,  holotype  LACM  84-167.1:  A,  disc,  dorsal  view;  B,  portion  of  disc,  ventral  view;  C,  arm  base, 
lateral  view.  Scale  = 1 mm. 


merits.  Ventral  arm  spines  thicker,  nearly  twice  length  of 
dorsal  arm  spines  near  disc;  length  about  one-half  arm  seg- 
ment. Adradial  and  abradial  tentacle  scales  equal  in  size  on 
arm  segments  beneath  disc. 

DESCRIPTION  OF  HOLOTYPE.  Disc  diameter  7.5  mm; 
longest  arm  about  24. 1 mm  (tip  broken).  Disc  nearly  circular; 
dorsal  surface  convex,  with  mid-dorsal  region  flattened;  in- 
terradial  region  sloping  ventrad;  ventral  surface  flat.  Arms 
thick  at  base,  distal  half  abruptly  tapering,  flattened  near  tip; 
segments  at  arm-tip  wider  than  long.  Arms  with  dorsal  mid- 
line depressed;  ventral  surface  ridged  with  lateral  edge  and 
midline  raised,  tentacle  pores  depressed.  Lateral  arm  plates 
tumid. 

Distinct  central  rosette  with  tumid  primary  plates.  Central 
plate  round;  diameter  = 0.64  mm;  radial  plates  ovoid,  max- 
imum width  = 0.86  mm.  Major  peripheral  disc  scales  longer 
than  wide;  distal  margin  thickened.  Small  intercalary  disc 
scales  flat,  irregular  in  outline;  in  single  rows  bordering  pri- 
mary plates  and  most  major  dorsal  disc  scales. 


Two  wedge-shaped  scales  between  radial  primary  plates. 
Radial  dorsal  field  of  disc  with  two  large  scales  distal  to  each 
radial  primary  plate;  distal  scale  larger,  inserted  between  ra- 
dial shields.  Radial  shields  nearly  triangular,  with  smooth, 
tumid  surface.  Two  accessory  radial  shields  distal  to  radial 
shields  and  linked  by  small  polygonal  scale.  Interradial  dorsal 
field  of  disc  with  three  columns  of  major  scales;  four  scales 
in  central  column  larger  than  five  scales  in  lateral  columns. 
Several  interradii  with  one  or  two  subdivided  major  scales 
in  central  column. 

Each  jaw  bearing  a single  apical  and  five  lateral  pairs  of 
oral  papillae.  Distad  to  apical  papilla,  first  and  third  papillae 
quadrilateral;  second  papilla  compressed,  pointed;  fourth  pa- 
pilla largest,  margin  broadly  rounded;  fifth  papilla  (=buccal 
tentacle  scale)  triangular,  elongate,  attached  to  adoral  shield; 
free  end  extending  dorsad  to  fourth  papilla. 

Oral  shield  pentagonal,  longer  than  wide;  length  = 0.86 
mm,  width  = 0.68  mm;  proximal  margins  concave,  forming 
acute  point;  lateral  margins  straight,  diverging;  distal  margin 
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convex.  Madreporite  with  small  round  depression  near  cen- 
ter; single  hydropore.  Adoral  shields  tumid;  members  of  each 
pair  appear  contiguous,  but  separated  by  microscopic  gap. 

Genital  slit  extending  from  oral  shield  nearly  to  edge  of 
disc;  opening  unobstructed  to  third  arm  segment;  bordered 
by  long  distal  genital  scale,  two  small  scales  proximad.  Ven- 
tral interbrachial  field  of  disc  with  fewer  than  1 2 large  scales. 

Dorsal  arm  plates  trapezoidal.  Near  disc,  lateral  margins 
straight,  divergent;  distal  margin  convex.  Near  arm-tip,  lat- 
eral margins  concave,  distal  margin  with  small  median  pro- 
jection. Proximal  23-27  plates  in  contact;  remaining  plates 
separated  by  lateral  arm  plates.  Accessory  dorsal  arm  plates 
minute,  present  on  proximal  13-16  arm  segments;  only  first 
pair  larger  than  dorsal  arm  spine. 

Lateral  arm  plates  in  dorsal  view  flat  to  slightly  concave 
on  proximal  segments,  convex  on  distal  segments,  imbricat- 
ed, with  distal  spine-bearing  ridge  adpressed  to  succeeding 
arm  segment;  narrowing  distally  in  lateral  view,  with  rounded 
distal  margin;  ventral  surface  with  inflated  lateral  margin. 

Arm  spines  minute,  abruptly  tapering,  bluntly  pointed. 
Ventralmost  spine  nearly  one-half  length  of  segment.  Near 
disc,  ventralmost  spine  often  twice  length  of  dorsal  spines; 
longer  than  dorsal  spines  except  at  arm-tip.  Spines  usually 
three  on  each  side  of  arm  segment;  0-1  on  first  segment,  1- 
2 on  second  and  third  segments,  three  on  fourth  and  sub- 
sequent segments,  and  1-2  spines  at  arm-tip  (Fig.  4B).  Dor- 
salmost  spines  from  arm  segments  30-35  to  the  arm-tip  with 
glassy  terminal  hook,  sometimes  with  proximal  secondary 
barb  (Fig.  5F,  G,  I). 

Ventral  arm  plates  beneath  disc  broader  than  long,  flat- 
tened; beyond  disc,  surface  of  plate  tumid,  proximal  and 
narrow,  distal  end  flared  with  pointed  corners,  lateral  margins 
deeply  concave.  Ventral  arm  plates  in  contact  until  segment 
25-30,  remainder  separated  by  lateral  arm  plates. 

Two  rounded-triangular  tentacle  scales  of  lateral  arm  plate 
forming  ovoid  operculum  over  each  tentacle  pore;  operculum 
approximately  one-half  length  of  ventral  arm  plate.  One  or 
two  miniscule  tentacle  scales  on  ventral  arm  plate  concealed 
by  operculum.  Operculum  seated  in  conspicuous  depression. 
Adradial  and  abradial  tentacle  scales  beneath  disc  similar  in 
size;  scales  diminish  in  size  toward  arm-tip;  beyond  segment 
34-40  only  abradial  tentacle  scale  covers  each  pore. 

Color  of  preserved  holotype.  Disc  and  arms  pale  gray.  Ma- 
jor plates  with  one  to  several  brown  or  dark  gray  spots.  Dorsal 
arm  plates  irregularly  mottled  with  brown  and  gray,  often 
with  light  border.  Series  of  darkly  pigmented  dorsal  and  lat- 
eral arm  plates  forming  five  to  seven  dark  bands  on  each 
arm.  Ventral  surface  grayish-white. 

Color  of  living  holotype.  Dorsally,  disc  gray  with  small 
reddish-brown  spots.  Arms  whitish  with  reddish-brown  and 
brown  spots  and  patches;  banded  every  4-5  segments.  Sev- 
eral segments  have  blotches  of  pale  brownish-red  bordered 
with  white  every  4-5  segments,  forming  bands.  Arms  and 
disc  mainly  white  ventrally.  Interradial  areas  of  disc  grayish; 
scales  with  white  center,  gray  border.  Jaw  plates  tinged  with 
beige.  Tube  feet  and  buccal  tentacles  with  transparent  shaft, 
whitish  tip;  with  microscopic  black  flecks. 

VARIATIONS.  Size.  Disc  diameters  of  33  specimens 


measured  range  from  4.9  to  9.9  mm  (Fig.  6).  Arm  lengths 
range  from  23  mm  for  a specimen  with  7.5  mm  dd  to  37 
mm  for  a specimen  with  8.3  mm  dd.  The  ratios  of  dd/arm 
length  range  from  3.1  to  4.5  (x  = 3.8). 

Disc.  Disc  scales  and  radial  shields  are  generally  tumid 
with  a thickened  margin  and  rarely  bent  or  nodulose.  The 
central  primary  plate  ranges  in  diameter  from  0.54  mm  in  a 
specimen  with  4.9  mm  dd  to  1.00  mm  in  a specimen  with 
9.9  mm  dd.  Arrangement  of  the  large  dorsal  disc  scales  differs 
little  from  the  holotype  except  in  very  small  individuals.  The 
oral  shield  is  longer  than  wide  (mean  L/W  ratio  = 1.4,  n = 
33).  Adoral  shields  may  be  contiguous  or  separated  by  a 
microscopic  gap. 

Arms.  Most  specimens  have  accessory  dorsal  arm  plates 
for  up  to  half  the  length  of  the  arm.  The  distalmost  arm 
segment  with  accessory  dorsal  arm  plates  occurs  between 
segments  7-31  (median  = 19).  The  proximal  dorsal  arm 
plates  overlap;  distal  plates  are  separated  by  the  lateral  arm 
plates  beginning  between  segments  18-39  (median  = 29). 
The  proximal  ventral  arm  plates  overlap;  distal  plates  are 
separated  by  the  lateral  arm  plates  beginning  between  seg- 
ments 20-44  (median  = 32).  There  is  0-1  spine  on  each  side 
of  the  first  arm  segment,  1-2  spines  on  the  second,  1-3  (usu- 
ally two)  on  the  third,  three  (rarely  two)  on  the  fourth.  There 
are  usually  three  arm  spines  on  succeeding  segments,  but  28 
of  3 1 specimens  have  four  arm  spines  on  at  least  one  arm 
segment.  One  specimen  has  two  arm  segments  with  five  arm 
spines.  Arm  segments  with  four  spines  are  usually  on  the 
proximal  portion  of  the  arm.  They  occur  between  segments 
three  and  16,  but  50%  are  between  segments  five  and  seven 
and  85%  are  between  segments  four  and  nine.  Hooked  dorsal 
arm  spines  occur  on  the  outer  one-sixth  to  one-fifth  of  the 
arm’s  length  for  up  to  22  of  the  small,  distal  segments.  The 
most  proximal  segment  with  hooked  spines  ranges  from  20 
to  43  (median  = 31).  Tentacle  pores  on  most  of  the  arm  have 
double  tentacle  scales,  but  there  are  single  scales  near  the  tip 
of  the  arm.  Transition  from  two  to  one  tentacle  scale  occurs 
between  segments  23  and  52  (median  = 39). 

COMPARISONS.  Ophiolepis  ailsae  and  O.  gemma  differ 
from  congeners  with:  flattened  discs  and  arms  {O.  affinis 
Studer,  O.  crassa  Nielsen,  O.  elegans  Liitken,  O.  plateia  Zie- 
senhenne,  and  O.  variegata  Liitken),  four  or  more  arm  spines 
{O.  impressa,  O.  pacifica  Liitken,  O.  superba  H.  L.  Clark,  and 
O.  unicolor  H.  L.  Clark),  and  tuberculate  scales  (O.  nodosa 
Duncan  and  O.  rugosa  Koehler).  The  new  species  are  readily 
distinguished  from  O.  cincta  Miiller  and  Troschel,  which  has 
a continuous  series  of  supplementary  dorsal  arm  plates  on 
each  arm  segment,  and  from  O.  irregularis  Brock,  which  has 
markedly  unsymmetrically  arranged  disc  scales.  They  su- 
perficially resemble  two  other  small  Caribbean  congeners, 
but  O.  paucispina  (Say)  has  only  two  arm  spines,  and  O.  kieri 
Hendler  has  the  central  primary  plate  in  contact  with  the 
proximal  edge  of  the  radial  plates,  and  radial  shields  with  a 
rough  concave  surface. 

DISTRIBUTION.  Southern  Gulf  of  Mexico,  Bahama  Is- 
lands, Cuba,  St.  Croix,  and  Barbados  (Fig.  9);  from  156  to 
549  m depth  (BLAKE  specimen  off  Barbados,  possibly  as 
shallow  as  126  m,  noted  in  Material  Examined). 
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ECOIjOGY.  The  habitat  where  the  holotype  of  O.  ailsae 
was  collected  appeared  barren  in  comparison  to  other  Ba- 
hamian sites  explored  with  the  JOHNSON-SEA-LINK  II 
submersible.  On  dive  JSL-II-810,  the  terrain  between  200 
and  300  m was  a sloping  bottom  covered  with  very  few 
boulders,  Halimeda  fragments,  sand,  and  scattered  debris 
including  leaf  fragments.  No  signihcant  water  current  was 
noted  during  the  dive,  and  the  bottom  temperature  was 
17.50°C.  At  270  m one  comatulid  crinoid  was  collected  on 
a piece  of  rubble.  After  the  dive,  a specimen  of  O.  ailsae  was 
found  wedged  in  an  irregularity  in  the  rubble.  The  only  other 
ophiuroids  collected  during  the  dive  were  the  large,  very 
common,  epifaunal  species  Ophiomyxa  tumida  Lyman  and 
Ophiothrix  sp.  Other  macrofauna  observed  from  the  sub- 
mersible included  a hermit  crab,  a few  stalked  crinoids,  widely 
spaced  “herds”  of  up  to  50  individuals  of  an  epifaunal  ir- 
regular echinoid  (Paleopneustes  tholoformis  Chesher),  and  a 
number  of  sand-dwelling  cerianthids  or  actinarians. 

The  two  stations  from  the  southwest  Florida  shelf  yielding 
nine  specimens  of  O.  ailsae  were  located  on  sloping  bottom, 
at  1 56-164  m.  Substratum  consisted  of  sand  and  some  coarse 
rubble  covering  a hard  surface  with  occasional  rocky  out- 
crops. The  area  is  probably  biologically  richer  than  the  Ba- 
hamas site,  but  thinly  populated.  The  cover  of  epibiota  was 
reported  as  1 5.5-2 1 .4%  in  summer  and  6.3-10.7%  in  winter. 
Cnidarians  and  sponges  were  the  dominant  sessile  epifauna. 
At  one  station  there  were  37  cnidarian  and  30  echinoderm 
species,  and  at  the  other  station  there  were  35  cnidarian,  33 
sponge,  35  crustacean,  and  3 1 echinoderm  species  (K.  Spring, 
pers.  comm.).  Data  for  a specimen  from  Cuba  (MCZ  326) 
collected  with  shipboard  gear  extend  the  bathymetric  range 
of  the  species  to  549  m. 

The  living  holotype  of  O.  ailsae  was  observed  to  have 
microscopic  sand  grains  adhering  to  the  dorsal  surface  of  the 
disc  and  arms.  The  sediment  was  presumably  entrained  in 
mucus  secreted  by  the  ophiuroid.  The  function  of  the  coating 
of  mucus  and  sediment  is  unknown. 

Despite  the  species’  small  size,  cryptic  habitat,  and  coating 
of  sediment,  43%  of  the  individuals  had  suffered  damage 
presumably  caused  by  non-lethal  predation.  Of  32  specimens 
examined,  10  individuals  had  one  regenerated  arm  and  four 
individuals  had  two  regenerated  arms. 

REPRODUCTION.  Examination  of  the  bursae  through 
the  genital  slits  showed  no  indication  of  brooding.  The  re- 
productive mode  of  the  species  remains  unknown. 


DISCUSSION 

During  nineteenth-century  marine  explorations,  three  cur- 
rently valid  species  of  Ophiolepis,  O.  paucispina,  O.  elegans, 
and  O.  impressa,  were  reported  from  the  western  Atlantic. 
Ophiolepis  paucispina  is  known  from  Bermuda  to  Brazil  as 
well  as  in  the  Gulf  of  Guinea  off  Africa.  Ophiolepis  elegans 
is  found  from  South  Carolina  to  Florida  and  through  the 
Antilles.  Ophiolepis  impressa  is  reported  from  Bermuda  to 
Brazil  and  throughout  the  West  Indian  region  (distribution 
data  in  Clark,  1933;  Parslow  and  Clark,  1963;  Madsen,  1970). 


Ophiolepis  kieri,  discovered  relatively  recently,  is  still  known 
only  from  the  type  locality  off  Panama. 

This  report  brings  to  six  the  number  of  Ophiolepis  species 
in  the  western  Atlantic.  The  new  taxa  have  been  sampled 
from  only  a few  localities  (Fig.  9),  but  they  appear  to  be 
widespread  in  the  Caribbean.  Ophiolepis  gemma  occurs  at 
2 1-1 39  m (with  an  unusual  occurrence  at  5 m,  and  a doubtful 
record  from  404  m),  and  Ophiolepis  ailsae  at  156-549  m 
(with  a doubtful  record  from  1 26  m).  On  the  basis  of  available 
information,  the  new  species  appear  to  be  less  widely  dis- 
tributed than  O.  elegans  and  O.  impressa,  more  widely  dis- 
tributed than  O.  kieri,  and  generally  to  occur  at  greater  depths 
than  other  western  Atlantic  congeners. 

Populations  of  O.  ailsae  are  bathyal,  occurring  at  depths 
in  excess  of  hermatypic  coral  reef  formations.  Ophiolepis 
gemma,  a deep-reef  organism,  also  occurs  well  below  depths 
accessible  by  SCUBA.  However,  its  upper  bathymetric  limit 
is  the  relatively  shallow  crest  of  deep-reef  walls.  A similar 
deep-reef  distribution  seems  to  be  typical  of  other  newly 
described  Caribbean  ophiuroids  (Hendler  and  Miller,  1984). 
It  is  interesting  that  most  O.  gemma  collected  from  the  sea- 
ward face  of  the  Belize  Barrier  Reef  are  hardly  half  the  size 
of  the  largest  specimen  (Fig.  6),  whereas  the  few  specimens 
dredged  from  deeper  water  (off  Florida  and  Barbados)  are 
larger  than  most  individuals  from  Belize.  In  contrast  to  the 
size-frequency  distribution  for  O.  gemma,  the  distribution 
of  O.  ailsae  is  skewed  to  the  right.  The  predominance  of 
larger  O.  ailsae  may  be  an  artifact  of  selectivity  of  the  sam- 
pling gear.  It  is  possible  that  maximum  body  size  of  these 
species  is  related  to  depth  or  a correlated  parameter,  but  data 
are  too  few  for  meaningful  analysis. 

At  relatively  shallow  SCUBA  stations  (<  25  m),  Ophiolepis 
gemma  was  consistently  collected  with  O.  impressa,  and  oc- 
casionally with  a yet  undescribed  congener  (G.H.,  in  prep.). 
This  is  noteworthy  since  O.  impressa  is  also  sympatric  with 
O.  kieri  and  O.  paucispina  in  Panama  (Hendler,  1979). 
Ophiolepis  kieri  was  found  under  rubble  fragments  that  shel- 
tered congeners,  but  never  with  species  of  other  ophiuroid 
genera.  Thus  it  is  possible  that  these  Ophiolepis  species  have 
quite  similar  ecological  requirements  and  are  successful  in 
analogous  habitats  over  a range  of  depths.  Ophiolepis  im- 
pressa has  been  reported  to  occur  from  shallow  water  to  293 
m,  but  its  bathymetric  range  is  probably  much  narrower  since 
some  deep-water  specimens,  previously  referred  to  O.  im- 
pressa, have  been  re-identihed  in  this  paper  as  O.  ailsae. 
Ophiolepis  impressa  actually  seems  most  abundant  in  shallow 
water,  in  sandy  back-reef  habitats  (G.H.,  pers.  obs.). 

Ophiolepis  gemma  is  the  third  small  species  in  the  genus 
reported  to  brood  embryos.  Ophiolepis  paucispina  is  a si- 
multaneous hermaphrodite,  and  individuals  3. 2-5. 4 mm  dd 
are  sexually  mature  (Hendler,  1979).  Ophiolepis  kieri  is  a 
protandrous  hermaphrodite,  sexually  mature  females  ranging 
from  4.5  to  6.4  mm  dd.  Ophiolepis  gemma  reaches  6.2  mm 
dd,  but  individuals  only  3.3  mm  dd  are  capable  of  brooding. 
Its  mode  of  sexuality  is  not  known,  but  hermaphroditism  is 
common  for  small  brooding  brittlestars  (Hendler,  1975)  and 
could  be  expected  in  O.  gemma.  If  it  is  a synchronous  brood- 
er, as  suggested  above,  it  resembles  O.  kieri  rather  than  O. 
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paucispina,  which  broods  embryos  of  different  ages  (Hendler, 
1979).  The  occurrence  of  brooding  in  O.  gemma  bears  out 
an  apparent  tendency  (Hendler,  1979)  for  Ophiolepis  species 
to  have  modified  embryos  or  larvae.  Larger  congeners,  O. 
elegans  and  O.  cincta.  have  yolky  eggs,  lecithotrophic  larvae, 
and  abbreviated  development  (Hendler,  1979). 

The  hooked  arm  spines  observed  in  O.  ailsae  and  O.  gem- 
ma are  a feature  that  previously  has  not  been  reported  for 
the  genus.  Mortensen  (1937)  illustrated  an  ophiuroid  frag- 
ment with  hooked  arm  spines  (possibly  an  ophiolepidine) 
from  a Jurassic  deposit  in  Germany.  Hooked  spines  have 
been  found  in  Ophiura  species  of  the  Ophiurinae  (Paterson, 
1985)  and  in  species  of  Ophiomusium  and  Ophiosphalma  in 
the  Ophiolepidinae  (Clark,  1941;  Bartsch,  1983).  They  also 
occur  in  Ophiolepis  species  including  O.  paucispina,  O.  ele- 
gans, and  O.  impressa  (G.H.,  pers.  obs.).  In  comparison  to 
the  hooked  spines  of  O.  gemma,  those  of  O.  ailsae  are  more 
robust,  have  more  pronounced  subterminal  barbs,  and  have 
a denser  stereom  (Fig.  5H,  I). 

It  is  clear  from  the  detailed  observations  on  O.  gemma 
that  the  hooked  spines  arise  on  newly  formed  segments  at 
the  arm-tip,  i.e.,  near  the  terminal  plate.  The  location  of  the 
most  proximal  arm  segment  with  hooked  spines  is  directly 
related  to  the  size  of  the  individual.  For  example,  in  a spec- 
imen of  1.9  mm  dd  hooked  spines  are  found  on  the  eleventh 
arm  segment,  but  in  specimens  greater  than  3.6  mm  dd  hooks 
are  found  only  between  the  twentieth  segment  and  the  end 
of  the  arm  (Fig.  7).  Therefore,  hooked  spines  must  be  re- 
shaped on  the  proximal  arm  segments  while  new  hooked 
spines  arise  on  young,  distal  segments.  Since  nearly  all  arm 
segments  bear  sets  of  three  spines,  it  is  obvious  that  the  hooks 
are  not  shed  and  replaced  by  straight  spines.  In  fact,  a few 
transitional  segments  on  each  arm  have  spines  with  a shape 
intermediate  between  the  hooked  and  the  straight  morphol- 
ogy. The  abruptness  of  the  change,  over  a span  of  a few  arm 
segments,  indicates  that  the  terminal  hook  is  not  abraded, 
but  rather  is  reshaped  through  the  addition  of  new  skeletal 
material.  These  observations  strongly  support  Lyman’s  spec- 
ulation that  the  hooked  arm  spines  of  Ophiura  species  orig- 
inate as  an  “embryonic  organ”  (Lyman,  1869:320)  at  the  tip 
of  the  arm  and  are  “so  overgrown  as  to  form  a stumpy  spine” 
at  the  base  of  the  arm. 

Several  functions  might  be  attributed  to  the  hooked  arm 
spines,  but  direct  observations  on  their  function  are  lacking. 
Epifaunal  ophiuroids  such  as  Ophiothrix  species  use  hooked 
spines  for  traction.  However,  their  hooked  spines  are  ventral 
and  downward  directed,  while  those  of  Ophiolepis  species 
are  directed  upwards  and  project  above  the  dorsal  side  of  the 
arm  (Fig.  5 A,  B,  G).  Juvenile  C>/7/?/o?/n7x  have  relatively  large, 
hooked  arm  spines  with  which  they  cling  to  appropriate  sub- 
strata as  they  recruit  to  the  benthos.  In  contrast,  the  Ophio- 
lepis species  that  brood,  and  thus  have  benthic  “crawl  away” 
young,  have  hooked  spines  that  probably  are  not  needed  for 
attachment  to  epibenthic  substrata  or  for  traction.  Their  role 
as  “defensive”  or  “offensive”  structures  seems  unlikely  as 
well,  the  most  compelling  argument  against  such  functions 
being  the  minute  size  of  the  spines.  Moreover,  Ophiolepis 
impressa  does  not  compete  successfully  for  space  against 


sympatric  ophiuroids  (Sides,  1985),  and  western  Atlantic 
Ophiolepis  species  are  cryptic,  avoiding  contact  with  pred- 
ators and  sometimes  even  with  other  ophiuroids  (Hendler, 
1979).  However,  they  exhibit  a high  incidence  of  non-lethal 
damage,  as  indicated  by  the  substantial  incidence  of  regen- 
eration reported  in  this  paper  for  O.  ailsae  and  O.  gemma. 
Thus,  if  the  hooked  spines  are  defensive  or  offensive  in  nature 
their  effectiveness  appears  to  be  limited. 

It  is  possible  that  the  hooked  spines  function  in  feeding 
activities.  Even  relatively  robust  and  seemingly  rigid-bodied 
ophiuroids,  such  as  Ophioderma  species,  can  quickly  coil  the 
thin  distal  tip  of  the  arm  to  capture  prey  (G.H.,  pers.  obs.). 
When  disturbed,  Ophiolepis  paucispina  and  O.  impressa  (es- 
pecially the  small  specimens  of  the  latter)  can  rapidly  pull 
each  of  their  arms  into  a tight  coil  atop  the  dorsal  surface  of 
the  disc  (G.H.,  pers.  obs.).  Although  feeding  behavior  has 
not  been  reported  for  Ophiolepis  species,  the  above  obser- 
vations on  arm  movement  suggest  that  the  hooked  spines 
near  the  arm-tip  might  be  used  to  retain  small  motile  prey 
and  other  items  for  transfer  to  the  mouth. 
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